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GENERAL INFORMATION 
SECTION 1 — HIGH-SPEED LOGIC 


High speed logic is used whenever improved system 
performance would increase a product’s market value. 
For a given system design, high-speed logic is the most 
direct way to improve system performance and emitter- 
coupled logic (ECL) is today’s fastest form of digital logic. 
Emitter-coupled logic offers both the logic speed and 
logic features to meet the market demands for higher 
performance systems. — ro 


_MECL PRODUCTS —_ 

Motorola introduced the original monolithic emitter- 
coupled logic family with MECL | (1962) and followed this 
with MECL Il (1966). These two families are now obsolete 
and have given way to the MECL Ill (MC1600 series), 
MECL 10K, PLL (MC12000 series) and the new MECL 10KH 
families. 

Chronologically the third family introduced, MECL III 
(1968) is a higher power, higher speed logic. Typical 1 ns 
edge speeds and propagation delays along with greater 
than 500 MHz flip-flop toggle rates, make MECL Ili useful 
for high-speed test and communications equipment. 
Also, this family is used in the high-speed sections and 
Critical timing delays of larger systems. For more general 
purpose applications, however, trends in large high- 
speed systems showed the need for an easy-to-use logic 
family with propagation delays on the order of 2 ns. To 


match this: requirement, the MECL 10,000 Series was in- 
troduced in 1971... | | oe oe 

An important feature of MECL 10K is its compatibility 
with MECL Ill to facilitate using both families in the same 
system. A second important feature is its significant 
power economy — MECL 10K gates use less than one- 
half the power of MECL Ill. | 

Motorola introduced the MECL 10KH product family in 
1981. This latest MECL family features 100% improve- 
ments in propagation delay and clock speeds while main- 


_ taining power supply currents equal to MECL 10K. MECL 


10KH is voltage compensated allowing guaranteed dc 
and switching parameters over a +5% power supply | 
range. Noise margins have been improved by 75% over 
the MECL 10K series. oY a 

Compatibility with MECL 10K and MECL Ill is a key 
element in allowing users to enhance existing systems | 
by increasing the speed in critical timing areas. Also, 
many MECL 10KH devices are pin out/functional dupli- 
cations of the MECL 10K series devices. The emphasis 
of this new family will be placed on more powerful logic 
functions having more complexity and greater perfor- 
mance. With 1.0 ns propagation delays and 25 mW per 
gate, MECL 10KH features the best speed-power product 
of any ECL logic family available today. 


MECL FAMILY COMPARISONS 


MECL 10K 
MECL 10KH 10,100 Series 10,200 Series MECL Ill 


1. Gate Propagation Delay 1.0 ns 


2. Output Edge Speed* 1.0 ns 
3. Flip-Flop Toggle Speed 250 MHz min 
4. Gate Power 25 mW 
5. Speed Power Product 25 pJ 





2.0 ns 1.5 ns 1.0 ns 
3.5 ns 2.5 ns 1.0 ns 
125 MHz min 
25 mW 
50 pJ 37 pJ 60 pJ 


300~—500 MHz min 
60 mW 


200 MHz min 
25 mW 


*QOutput edge speed: MECL 10K/10KH measured 20% to 80%, MECL III measured 10% to 90% of E out. 


FIGURE 1a — GENERAL CHARACTERISTICS 
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FIGURE 1b — OPERATING TEMPERATURE RANGE 


MECL IN PERSPECTIVE 


in evaluating any logic line, speed and power require- 
ments are the obvious primary considerations. Figure 1 
provides the basic parameters of the MECL 10KH, MECL 
10K, and MECL Ill families. But these provide only the 
start of any comparative analysis, as there are a number 
of other important features that make MECL highly de- 
sirable for system implementation. Among these: 

Complementary Outputs cause a function and its com- 
plement to appear simultaneously at the device outputs, 
without the use of external inverters. It reduces package 
count by eliminating the need for associated invert func- 
tions and, at the same time, cuts system power require- 
ments and reduces timing differential problems arising 
from the time delays introduced by inverters. 

High Input Impedance and Low Output Impedance 
permit large fan out and versatile drive characteristics. 

Insignificant Power Supply Noise Generation, due to 
differential amplifier design which eliminates current 
spikes even during signal transition period. 

Nearly Constant Power Supply Current Drain simplifies 
power-supply design and reduces costs. 

Low Cross-Talk due to low-current switching in signal 
path and small (typically 850 mV) voltage swing, and to 
relatively long rise and fall times. 

Wide Variety of Functions, including complex func- 
tions facilitated by low power dissipation (particularly in 
MECL 10KH and MECL 10K series). A basic MECL 10K 
gate consumes less than 8 mW in on-chip power in some 
complex functions. 

Wide Performance Flexibility due to differential am- 
plifier design which permits MECL circuits to be used as 
linear as well as digital circuits. 

Transmission Line Drive Capability is afforded by the 
open emitter outputs of MECL devices. No “Line Drivers” 
are listed in MECL families, because every device is a line 
driver. 

Wire-ORing reduces the number of logic devices re- 
quired in a design by producing additional OR gate func- 
tions with only an interconnection. 

Twisted Pair Drive Capability permits MECL circuits to 
drive twisted-pair transmission lines as long as 1000 feet. 


Wire-Wrap Capability is possible with the MECL 10K . 


family because of the slow rise and fall time characteristic 
of the circuits. _ 

Open Emitter-Follower Outputs are used for MECL 
outputs to simplify signal line drive. The outputs match 


any line impedance and the absence of internal pulldown. 


resistors saves power. 

Input Pulldown Resistors of approximately 50 kQ. per- 
mit unused inputs to remain unconnected for easier cir- 
cuit board layout. 


MECL APPLICATIONS 


Motorola’s MECL product lines are designed for a wide 
range of systems needs. Within the computer market, 
MECL 10K is used in systems ranging from special pur- 
pose peripheral controllers to large mainframe com- 
puters. Big growth areas in this market include disk and 
communication channel controllers for larger systems 
and high performance minicomputers. 

The industrial market primarily uses MECL for high 
performance test systems such as IC or PC board testers. 
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However, the high bandwidths of MECL 10KH, MECL 10K, 
MECL Ill, and MC12,000 are required for many frequency 
synthesizer systems using high speed phase lock loop 
networks. MECL will continue to grow in the industrial 
market through complex medical electronic products and 
high performance process control systems. 

MECL 10K and MECL Ill have been accepted within the 
Federal market for numerous signal processors and nav- 
igation systems. Full military temperature range MECL 
10K is offered in the MC10500 and MC10600 Series, and 
in the PLL family as the MC12500 Series. 


BASIC CONSIDERATIONS FOR HIGH-SPEED 
LOGIC DESIGN 


High-speed operation involves only four considera- 
tions that differ significantly from operation at low and 
medium speeds: 

1. Time delays through interconnect wiring, which 
may have been ignored in medium-speed systems, be- 
come highly important at state-of-the-art speeds. : 

2. The possibility of distorted waveforms due to re- 
flections on signal lines increases with edge speed. 

3. The possibility of ‘crosstalk’ between adjacent sig- 
nai leads is proportionately increased in high-speed 
systems. 

4. Electrical noise. generation and pick-up are more 
detrimental at higher speeds. 

In general, these four characteristics are speed- and 
frequency-dependent, and are virtually independent of 
the type of logic employed. The merit of a particular logic 
family is measured by how well it compensates for these 
deleterious effects in system applications. 

The interconnect-wiring time delays can be reduced 
only by reducing the length of the interconnecting lines. 
At logic speeds of two nanoseconds, an equivalent “gate 
delay’’ is introduced by every foot of interconnecting 
wiring. Obviously, for functions interconnected within a 
single monolithic chip, the time delays of signals trav- 
elling from one function to another are insignificant. But 
for a great many externally interconnected parts, this can 
soon add up to an appreciable delay time. Hence, the 
greater the number of functions per chip, the higher the 
system speed. MECL circuits, particularly those of the 
MECL 10K and MECL 10KH Series are designed with a 
propensity toward complex functions to enhance overall 
system speed. 

Waveform distortion due to line reflections also be- 
comes troublesome principally at state-of-the-art speeds. 
At slow and medium speeds, reflections on intercon- 
necting lines are not usually a serious problem. At higher 
speeds, however, line lengths can approach the wave- 
length of the signal and improperly terminated lines can 
result in reflections that will cause false triggering (see 
Figure 2). The solution, as in RF technology, is to employ 
“transmission-line’”’ practices and properly terminate 
each signal line with its characteristic impedance at the 
end of its run. The low-impedance, emitter-follower out- 
puts of MECL circuits facilitate transmission-line practices 
without upsetting the voltage levels of the system. 

The increased affinity for crosstalk in high-speed cir- 
cuits is the result of very steep leading and trailing edges 
(fast rise and fall times) of the high-speed signal. These 
steep wavefronts are rich in harmonics that couple read- 
ily to adjacent circuits. In. the design of MECL 10K and 





MECL 10KH, the rise and fall times have been deliberately 
slowed. This reduces the affinity for crosstalk without 
compromising other important performance parameters. 

From the above, it is evident that the MECL logic line 
is not simply capable of operating at high speed, but has 
been specifically designed to reduce the problems that 
are normally associated with high-speed operation. 


ees ey eee 


a> a 


Re 





FIGURE 2a — UNTERMINATED 
TRANSMISSION LINE 
(No Ground Plane Used) 


GATE CIRCUIT ; 
Multiple Differential ; ; Bias 
Inputs ‘ Amplifier Network 
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Veco (Gnd) 





Veg (-5.2 Vv) 


Outputs 


CIRCUIT DESCRIPTION 

The typical MECL 10K circuit, Figure 3, con- 
sists of a. differential-amplifier input circuit, a 
temperature and voltage compensated bias net- 
work, and emitter-follower outputs to restore dc 
levels and provide buffering for transmission 
line driving. High fan-out operation is possible be- 
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FIGURE 2b — PROPERLY TERMINATED: 
TRANSMISSION LINE 
(Ground Plane Added) 


‘GATE TRANSFER CURVES 
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GATE SYMBOL 


FIGURE 3 — MECL 10K GATE STRUCTURE AND SWITCHING BEHAVIOR 


cause of the high input impedance of the differential am- 
plifier input and the low output impedance of the emitter 
follower outputs. Power-supply noise is virtually elimi- 
nated by the nearly constant current drain of the differ- 
ential amplifier, even during the transition period. Basic 
gate design provides for simultaneous output of both the 
OR function and its complement, the NOR function. The 
design of the MECL 10KH gate is unchanged, with two 
exceptions. The bias network has been replaced with a 
voltage regulator, and the differential amplifier source 
resistor has been replaced with a constant current source. 
(See section 2 for additional MECL 10KH information.) 
Power-Supply Connections — Any of the power supply 
levels, Vt7, Vcc, or Vege may be used as ground; how- 
ever, the use of the Vcc node as ground results in best 
noise immunity. In such a case: Vcc = 0, VTT 
—2.0V, Veg = —5.2V. 
System Logic Specifications — The output logic swing 
of 0.85 V, as shown by the typical transfer characteristics 
curve, varies from a LOW state of Vo, = —1.75Vtoa 
HIGH state of Voy = —0.9 V with respect to ground. 
Positive logic is used when reference is made to logical 
“0's” or “1's.” Then 


“0” = —1.75 V = LOW 


typical 


“1"" = —0.9 V = HIGH 


Circuit Operation — Beginning with all logic inputs 
LOW (nominal — 1.75 V), assume that Q1 through 04 are 
cut off because their P-N base-emitter junctions are not 


conducting, and the forward-biased Q5 is conducting. 
Under these conditions, with the base of 05 held at — 1.29 V 
by the Vgp network, its emitter will be one diode drop 
(0.8 V) more negative than its base, or — 2.09 V. (The 0.8 V 
differential is a characteristic of this P-N junction.) The 
base-to-emitter differential across Q1 — Q4 is then the 
difference between the common emitter voltage (— 2.09 V) 
and the LOW logic level (— 1.75 V) or 0.34 V. This is less 
than the threshold voltage of Q1 through O4 so that these 
transistors will remain cut off. 

When any one (or all) of the logic inputs are shifted 
upward from the — 1.75 V LOW state to the —0.9 V HIGH 
state, the base voltage of that transistor increases beyond 
the threshold point and the transistor turns on. When this 
happens, the voltage at the common-emitter point rises 
from —2.09 V to —1.7 (one diode drop below the —0.9 V 
base voltage of the input transistor), and since the base 
voltage of the fixed-bias transistor (Q5) is held at — 1.29 V, 
the base-emitter voltage Q5 cannot sustain conduction. 
Hence, this transistor is cut off. 

This action is reversible, so that when the input sig- 
nal(s) return to the LOW state, Q1 — Q4 are again turned 
off and Q5 again becomes forward biased. The collector 
voltages resulting from the switching action of Q1-— 04 
and Q5 are transferred through the output emitter- 
follower to the output terminal. Note that the differential 
action of the switching transistors (one section being off 
when the other is on) furnishes simultaneous comple- 
mentary signals at the output. This action also maintains 
constant power supply current drain. 


DEFINITIONS OF LETTER SYMBOLS AND ABBREVIATIONS 


Current: 


Icc Total power supply current drawn from the 


positive supply by a MECL unit under test. 


Leakage current from input transistor on 
MECL devices without pulldown resistors 
when test voltage is applied. 


ICBO 


Current drain from Vcc power supply with all 
inputs at logic HIGH level. 


ICCH 


Current drain from Vcc power supply with all 
inputs at logic LOW level. 

Total power supply current drawn from a 
MECL test unit by the negative power supply. 


Forward diode current drawn from an input 
of a saturated logic-to-MECL translator when 
that input is at ground potential. 


ICCL 


le 


Current into the input of the test unit when a 
maximum logic HIGH (Vjy max) is applied at 
that input. 


HIGH level input current into a node with a 
specified HIGH level (Vj1 max) logic voltage 
applied to that node. (Same as |, for positive 
logic.) 

LOW level input current, into a node with a 
specified LOW level (Vi, min) logic voltage 
applied to that node. 

Load current that is drawn from a MECL circuit 


output when measuring the output HIGH level 
voltage. 


INH 


NL 
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IOH HIGH level output current: the current flowing 
into the output, at a specified HIGH level out- 
put voltage. 

lOL LOW level output current: the current flowing 
into the output, at a specified LOW level out- 
put voltage. 

los Output short circuit current. 

lout Output current (from a device or circuit, under 
such conditions mentioned in context). 

IR Reverse current drawn from a transistor input 
of a test unit when V_g is applied at that input. 

Isc Short-circuit current drawn from a translator 
saturating output when that output is at 
ground potential. 

Voltage: 

VBB Reference bias supply voltage. 

VBE Base-to-emitter voltage drop of a transistor 
at specified collector and base currents. 

VCB Collector-to-base voltage drop of a transistor 
at specified collector and base currents. 

Vcc General term for the most positive power sup- 
ply voltage to a MECL device (usually ground, 
except for translator and interface circuits). 

Vcc1 Most positive power supply voltage (output 


devices). (Usually ground for MECL devices.) 





Voltage (cont.): 


Vec2 


Most positive power supply voltage (current 
switches and bias driver). eval ground for 


| MECL devices.) 


VEE 


Most negative power supply voltage for a cir- 


_ cuit (usually —5.2 V for MECL devices). 


VF 


VIH 
VIH. max 


VIHA 
VIHA min 


VIH min 


VIL 


_ VIL max 


VILA 


_ VILA max 


VIL min 


Vmax 


VOH 


VOHA 
VOHA min 


VOH max 
VOH min 


VOL 


Input voltage for measuring If on TTL inter- 
face circuits. 


Input logic HIGH voltage level (nominal value). 


Maximum HIGH level input voltage: The most 
positive (least negative) value of high-level 
input voltage, for which operation of the logic 
element within specification limits is 
guaranteed. 


Input logic HIGH threshold voltage level. 


Minimum input logic HIGH level (threshold) 
voltage for which performance is specified. 


Minimum HIGH level input voltage: The least 
positive (most negative) value of HIGH level 
input voltage for which operation of the logic 
element within Speelicanen limits is 
guaranteed. 


Input logic LOW voltage level (nominal value). 


Maximum LOW level input voltage: The most 
positive (least negative) value of LOW level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. | 

Input logic LOW threshold voltage level. 


Maximum input logic LOW level (threshold) 
voltage for which performance is specified. 


Minimum LOW level input voltage: The least 
positive (most negative) value of LOW level 
input voltage for which operation of the logic 
element within specification limits is 
guaranteed. 


Input voltage (to a circuit or device). 
Maximum (most positive) supply voltage, 
permitted under a specified set of conditions. 
Output logic HIGH voltage level: The voltage 
level at an output terminal for a specified out- 
put current, with the specified conditions ap- 
plied to establish a HIGH level at the output. 
Output logic HIGH threshold voltage level. 
Minimum output HIGH threshold voltage level 
for which performance is specified. 


Maximum output HIGH or high-level voltage 


for given inputs. 


Minimum output HIGH or high-level voltage 
for given inputs. 

Output logic. LOW voltage level: The voltage 
level at the output terminal for a specified 
output current, with the specified conditions 


~ applied to establish a LOW level at the output. 


VOLA 


Output logic LOW threshold voltage level. 


VOLA max Maximum output LOW threshold voltage level 


for which performance is specified. 


VOL max 
VOL min 
VTT 


VoLs1 


VOLs2 


Maximum eutur LOW level voltage for given 
inputs. 

Minimum output LOW favel voltage for given 
inputs. | 

Line load-resistor terminating voltage for out- 
puts from a MECL device. 

Output logic LOW level on MECL 10, 000 line 
receiver devices with all inputs at Veg voltage 
level. 

Output logic LOW level on MECL 10,000 line 
receiver devices with all inputs open. 


Time Parameters: 


tt 


fog 


fshift 


Waveform rise time (LOW to HIGH), 10% to 
90%, or 20% to 80%, as specified... 


Waveform fall time (HIGH to LOW), 90% to 
10%, or 80% to 20%, as epeciiad: 


Same as t+ 


- Same as t— 


Propagation Delay, see Figure 9. 
Propagation Delay, see Figure 9. 


Propagation delay, input to output from the 
50% point of the input waveform at pin x 
(falling edge noted by — or rising edge noted 
by +) to the 50% point of the output wave- 
form at pin y (falling edge noted by — or rising 
edge noted by +). (Cf Figure 9.) 


Output waveform rise time as measured from 
10% to 90% or 20% to 80% points on wave- 
form (whichever is specified) at pin x with 
input conditions as specified. 


Output waveform fall.time as measured from 
90% to 10% or 80% to 20% points on wave- 
form (whichever is specified) at pin x, with 
input conditions as specified. 

Toggle frequency of a peer or counter 
device. 


Shift rate for a shift register. 


Read Mode (Memories) 


tacs 
tRCS 
tAA 


Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time > 


Write Mode (Memories) 


tw 
twsD 
tWHD 
twSA 
tWHA 
twscs 
tWHCS 
tws 
twR 
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Write Pulse Width 

Data Setup Time Prior to Write 
Data Hold Time After Write 
Address setup time prior to write 
Address hold time after write 

Chip select setup time prior to write 
Chip select hold time after write 
Write disable time 


_ Write recovery time 


Temperature: Miscellaneous: 





T stg Maximum temperature at which device may eg Signal generator inputs to a test circuit. 
tela damage or performance TPin Test point at input of unit under test. 
- , TP Test point at output of unit under test. 
Ty Junction (or die) temperature of an integrated oat ; r P 
eireuit device: D.U.T. Device under test. 
Ta Ambient (environment) temperature existing Cin Input. capacitance. 
in the immediate vicinity of an integrated cir- Cout Output capacitance. 
cuit device package. Zout Output impedance. 
OjA Thermal resistance of an IC package, junction Pp The total dc power applied to a device, not 
to ambient. including any power delivered from the de- 
ie Thermal resistance of an IC package, junction vice to a load. 
to case. Ry Load Resistance. 
lfpm Linear feet per minute. Ry Terminating (load) resistor. 
OCA Thermal resistance of an IC package, case to Rp An input pull-down resistor (i.e., connected 
ambient. to the most negative voltage). 
P.U.T. Pin under test. 
MECL POSITIVE AND NEGATIVE LOGIC 
INTRODUCTION NOR, or design with negative logic using the NAND. 


The increasing popularity and use of emitter coupled 
logic has created a dilemma for some logic designers. 
Saturated logic families such as TTL have traditionally 
been designed with the NAND function as the basic logic 
function, however, the basic ECL logic function is the NOR 
function (positive logic). Therefore, the designer may 


Which is the more convenient? On the one hand the 
designer is familiar with positive logic levels and defi- 
nitions, and on the other hand, he is familiar with imple- 
menting systems using NAND functions. Perhaps a pre- 
sentation of the basic definitions and characteristics of 
positive and negative logic will clarify the situation and 


either design ECL systems with positive logic using the eliminate misunderstanding. 


Vcc = gnd 







O VBB = ~—1.29 volts 


VEE = —5.2 volts 


TABLE 1 


INPUTS |OUTPUT 
c 










LO 
LO 
LO 








TABLE 2 TABLE 3 















HI = —0.9 volts 
LO = —1.7 volts 


FIGURE 1 — Basic MECL Gate Circuit and Logic Function 
In Positive and Negative Nomenclature. 


Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently, complete 
information sufficient for construction purposes is not necessarily given. The information in this Application Note has been carefully checked and is 
believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information does not convey to the purchaser 
of the semiconductor devices described any license under the patent rights of Motorola Inc. or others. 


1-7 


LOGIC EQUIVALENCES he 
Binary logic must have two states to represent the 
binary 1 and 0. With ECL the typical states are a high 
level of —0.9 volts and a low level of —1.7 volts. Two 
choices are possible then to represent the binary 1 and 
0. Positive logic defines the 1 or “true” state as the most 
positive voltage level, whereas negative logic defines the 
most negative voltage level as the 1 or ‘‘true’”’ state. 
Because of the difference in definition of states, the basic 
ECL gate is a NOR function in positive logic and is a NAND 
function in negative logic. . 
Figure 1 more clearly shows the above comparison of 
functions. Table | lists the output voltage level as a func- 
tion of input voltage levels of the MECL gate circuit 
shown. Table 2 translates the voltage levels into the 


appropriate negative logic levels which show the function 
to be C = A*B,; that is, the circuit performs the NAND 





function. Table 3 translates the equivalent positive logic 
function into C = A + B, the NOR function. 


Similar comparisons could be made for other positive 


logic functions. As an example, the positive OR function 


translates to the negative AND function. Figure 2 shows 
a comparison of several common logic functions. 

Any function available in a logic family may be 
expressed in terms of positive or negative logic, bearing 
in mind the definition of logic levels. The choice of logic 
definition, as previously stated, is dependent on the 
designer. Motorola provides both positive and negative 
logic symbols on data sheets for the popular MECL 10,000 
logic series. 


FIGURE 2 — Comparative Positive and Negative Logic Functions. 





*Coincidence 


SUMMARY 

Conversion from one logic form to another or the use 
of a particular logic form need not be a complicated pro- 
cess. If the designer uses the logic form with which he 
is familiar and bears in mind the previously mentioned 
definition ef levels, problems arising from definition of 
logic functions should be minimized. 


REFERENCE 
Y. Chu, Digital Computer Design Fundamentals 
New York, McGraw-Hill, 1962 


SECTION Il — TECHNICAL DATA 


GENERAL CHARACTERISTICS AND SPECIFICATIONS 


(See pages 1-5 through 1-7 for definitions of symbols and 
abbreviations.) 

In subsequent sections of this Data Book, the important 
MECL parameters are identified and characterized, and 
complete data provided for each of the functions. To 
make this data as useful as possible, and to avoid a great 
deal of repetition, the data that is common to all func- 
tional blocks in a line is not repeated on each individual 
sheet. Rather, these common characteristics, as wel! as 
the application information that applies to each family, 
are discussed in this section. 

_ In general, the common characteristics of major im- 
portance are: 

Maximum Ratings, including both dc and ac charac- 
teristics and temperature limits; 

Transfer Characteristics, which define logic levels and 
switching thresholds; 

DC Parameters, such as output levels, threshold levels, 
and forcing functions. 


FIGURE 4a — LIMITS BEYOND WHICH DEVICE LIFE MAY BE IMPAIRED 











Input Voltage (Vcc = 0) 





Storage Temperature —65 to + 150 -65 to + 150 


Output Source Current Continuous 
Junction Temperature Ceramic Package® 1650 
Ty 


AC Parameters, such as propagation delays, rise and 
fall times and other time dependent characteristics. 

In addition, this section will discuss general layout and 
design guides that will help the designer in building and 
testing systems with MECL circuits. 


LETTER SYMBOLS AND ABBREVIATIONS 


Throughout this section, and in the subsequent data 
sheets, letter symbols and abbreviations will be used in 
discussing eiectricai characteristics and specifications. 
The symbols used in this book, and their definitions, are 
listed on the preceding pages. 


MAXIMUM RATINGS 


The limit parameters beyond which the life of the de- 
vices may be impaired are given in Figure 4a. In addition, 
Table 4b provides certain limits which, if exceeded, will 
not damage the devices, but could degrade the perfor- 
mance below that of the guaranteed specifications. 







— 8.0 to 0 


0 to VEE 


0 
00 

—65 to +150 
40 


NOTES: 1. Maximum Ty may be exceeded (< 250°C) for short periods of time (< 240 hours) without significant reduction in device life. 
2. Except MC1670 which has a maximum junction temperature = 145°C. 
3. For long term (= 10 yrs.) max Ty of.110°C required. Max Ty may be exceeded (< 175°C) for short periods of time (< 240 hours) without 


significant reduction in device life. 


FIGURE 4b — LIMITS BEYOND WHICH PERFORMANCE MAY BE DEGRADED 


Operating Temperature 
Range Commercial® 


Supply Voltage (Vcc = 0) 


MECL 10KH MECL 10K MECL lil 


~30 to +85 ~30 to +85 


-—4.94 to —5.46@ | —4.68 to —5.72@| -4.68 to —5.72@ 





Output Drive Commercial 


NOTES: 1. With airflow = 500 Ifpm. 
2. Functionality only. Data sheet limits are specified for —5.2 V + 0.010 V. 
3. Except MC1648 which has an internal output pulldown resistor. 
4. Functional and Data sheet limits. 


50 2 to —2.0 Vdc} 50 2 to —2.0 Vdc} 500 to —2.0 Vdc@ 





FIGURE 5 — MECL TRANSFER CURVES 
and SPECIFICATION TEST POINTS — 


a) MECL 10K b) MECL 10KH 








———~ —1,.850 —1.475 —1.105, ~0.810 










Gate Output VOH max ~0.810 VOH max 
imi High ‘U High 
(measured test limits) VOH min: \ g Vv : \ g 
min = Stat OH min 
VOHA min OR Pye ane State 
NOR | — 
VOLA max _ 1.630 VOL ma 
mane VOL max 1.650 ee ; a ; Low 
Test Conditions: 25°C VOL min -1.950 |} State VOL min State 
Veg = —5.2V VIH max 





500 matched 
inputs and outputs 


VILA max | VIHA min 





Gate Input 
(Applied test voltage) ( 


Gate Input 
(Applied test voltage) ( 








- Veg ~ —1.29V 
(Switching Threshold) 


MECL TRANSFER CURVES 


For MECL logic gates, the dual (complementary) out- 
puts must be represented by two transfer curves: one to 
describe the OR switching action and one to describe the 
NOR switching action. Typical transfer curves and asso- 
ciated data for the MECL 10K/10KH family are shown in 
Figures 5a and 5b respectively. 

It is not necessary to measure transfer curves at all 


VBB = —1.29V 
(Switching Threshold) 


ily have the same worst-case output level specifications 
regardless of power dissipation or junction temperature 
differences to reduce loss of noise margin due to thermal 
differences. 

All of these specifications assume — 5.2 V power supply 
operation. Operation at other power-supply voltages is 
possible, but will result in further transfer curve changes. 


_Figure 7 gives rate of change of output voltages as a 
function of power supply. 


points of the curves. To guarantee correct operation it is 
sufficient merely to measure two sets of min/max logic 
level parameters. a 

The first set is obtained for 10K by applying test volt- 
ages, ViL min and VIH max (sequentially) to the gate. 
inputs, and measuring the OR and NOR output levels to 
make sure they are between VOL max 2nd VOL min, and 
VOH max 2nd VOH min specifications. 

The second set of logic level parameters relates to the 
switching thresholds. This set of data is distinguished by 
an “A” in symbol subscripts. A test voltage, ViLA max: 
is applied to the gate and the NOR and OR outputs are 
measured to see that they are above the VOHA min and 
below the VOLA max levels, respectively. Similar checks 
are made using the test input voltage VjHA min- 

The result of these specifications insures that: 

a) The switching threshold (~ Vpp) falls within the 
darkest rectangle; i.e. switching does not begin outside 
this rectangle; 

b) Quiescent logic levels fall in the lightest shaded 
ranges; . 

c) Guaranteed noise immunity is met. 

As shown in Figure 6, MECL 10K outputs rise with 
increasing ambient temperature. All circuits in each fam- 


FIGURE 6 — TYPICAL TRANSFER 
CHARACTERISTICS AS A FUNCTION 
OF TEMPERATURE (MECL 10K) 
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FIGURE 7 — TYPICAL LEVEL CHANGE RATES 







NOISE MARGIN 


“Noise margin” is a measure of logic circuit's resis- 
tance to undesired switching. MECL noise margin is 
defined in terms of the specification points surrounding 
the switching threshold. The critical parameters of inter- 
est here are those designated with the ‘’A’’ subscript 
(VOHA mins VOLA max VIHA min» VILA max) in the 
transfer characteristic curves. MECL 10KH is specified 
and tested with VOHA min equal VOH min» VOLA max 


equal VOL max: VIHA min equal ViH min and VILA max 
equal Vi, max. Guaranteed noise margin (NM) is defined 


as follows: 


NMHIGH LEVEL = VOHA min ~— VIHA min 
NMLOW LEVEL = VILA max ~ VOLA max 


To see how noise margin is computed, assume a MECL 
gate drives a similar MECL gate, Figure 8. 

At a gate input (point B) equal to Vj_LA max, MECL gate 
#2 can begin to enter the shaded transition region. 

This is a “worst case” condition, since the VOLA max 
specification point guarantees that no device can enter 
the transition region before an input equal to Vi_LA max 
is reached. Clearly then, Vij_A max is one critical point for 
noise margin computation, since it is the edge of the 
transition region. 

To find the other critical voltage, consider the output 
from MECL gate #1 (point A). What is the most positive 
value possible for this voltage (considering worst case 
specifications)? From Figure 8 it can be observed that the 
VOLA max Specification insures that the LOW state OR 
output from gate #1 can be no greater than VOLA max: 

Note that VoLA max iS more negative than ViLA max: 
Thus, with VOLA max at the input to gate #2, the tran- 
sition region is not yet reached. (The input voltage to 
gate #2 is still to the left of VILA max on the transfer 
curve.) 

In order to ever run the chance of switching gate #2, 
we would need an additional voltage, to move the input 


from VOLA max to VILA max: This constitutes the ‘safety 
factor’ known as noise margin. It can be calculated as 
the magnitude of the difference between the two speci- 
fication voltages, or for the MECL 10K levels shown: 


NMLow — VILA max ~ VOLA max 
— —1.475 V — (—1.630 V) 


— 155 mV. . 
Similarly, for the HIGH state: 
NMHIGH — VOHA min — VIHA min 
— —0.980 V — (—1.105 V) 
— 125 mV 


Analogous results are obtained when considering the 
“NOR” transfer data. 

Note that these noise margins are absolute worst case 
conditions. The lessor of the two noise margins is that 
for the HIGH state, 125 mV. This then, constitutes the 
guaranteed margin against signal undershoot, and power 
or thermal disturbances. 

As shown in the table, typical noise margins are usually 
better than guaranteed — by about 75 mV. For MECL 
10KH the “noise margin” is 150 mV for NM low and NM 
high. (See Section 3 for details.) 

Noise margin is a dc specification that can be calcu- 
lated, since it is defined by specification points tabulated 
on MECL data sheets. However, by itself, this specifica- 
tion does not give a complete picture regarding the noise 
immunity of a system built with a particular set of circuits. 
Overall system noise immunity involves not only noise- 
margin specifications, but also other circuit-related fac- 
tors that determine how difficult it is to apply a noise 
signal of sufficient magnitude and duration to cause the 
circuit to propagate a false logic state. In general, then, 
noise immunity involves line impedances, circuit output 
impedances, and propagation delay in addition to noise- 
margin specifications. This subject to discussed in 
greater detail in the MECL System Design Handbook, 
HB205. 


FIGURE 8 — MECL Noise Margin Data 
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Family 


(V) (V) 


MECL 10KH 0.150 0.270 
MECL 10K 0.125 0.210 








AC OR SWITCHING PARAMETERS 


Time-dependent specifications are those that define 
the effects of the circuit on a specified input signal, as it 
travels through the circuit. They include the time delay 
involved in changing the output level from one logic state 
to another. In addition, they include the time required for 
the output of a circuit to respond to the input signal, 


designated as propagation delay, MECL waveform and 
propagation delay terminologies are depicted in Figure 
9. Specific rise, fall, and propagation delay times are 
given on the data sheet for each specific functional block, 
but like the transfer characteristics, ac parameters are 
temperature and voltage dependent. Typical variations 
for MECL 10K are given in the curves of Figure 10. - 


FIGURE 9 — TYPICAL LOGIC WAVEFORMS 








Overshoot 
Undershoot 


50% - 


VIHA 
VBB 


t-= ty 


High Level 





fo) 
Vout OR 50% 


t+ ee 
Vout NOR 0% 


od tS 


Low Level 


tt =t- 


_ MECL Ill Rise and Fall Times MECL 10K and MECL 10KH Rise and Fall Times MECL Propagation Delay 


FIGURE 10a — TYPICAL PROPAGATION DELAY t- - versus 
Vee AND TEMPERATURE (MECL 10K) 
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FIGURE 10c — TYPICAL FALL TIME (90% to 10%) versus 
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10K) 
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FIGURE 10b — TYPICAL PROPAGATION DELAY t+ + versus 
Vee AND TEMPERATURE (MECL 10K) 
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FIGURE 10d — TYPICAL RISE TIME (10% to 90%) versus 
TEMPERATURE AND SUPPLY VOLTAGE (MECL 10K) 
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SETUP AND HOLD TIMES 


Setup and hold times are two ac parameters which can 
easily be confused unless clearly defined. For MECL logic 
devices, tsetup is the minimum time (50% — 50%) before 
the positive transition of the clock pulse (C) that infor- 
mation must be present at the Data input (D) to insure 
proper operation of the device. The tpholqd is defined sim- 
ilarly as the minimum time after the positive transition 
of the clock pulse (C) that the information must remain 
unchanged at the Data input (D) to insure proper oper- 
ation. Setup and hold waveforms for logic devices are 
shown in Figure 11. 


FIGURE 11 — SETUP AND HOLD WAVEFORMS 
FOR MECL LOGIC DEVICES 





TESTING MECL 10KH, MECL 10K AND MECL Ill 


To obtain results correlating with Motorola circuit spec- 
ifications certain test techniques must be used. A sche- 
matic of a typical gate test circuit is shown in Figure 12. 


This test circuit is the standard ac test configuration for 
most MECL devices. (Exceptions are shown with the 
device specification.) 

A solid ground plane is used in the test setup, and 
capacitors bypass Vcc1, Vcc2, and Veg pins to ground. 
All power leads and signal leads are kept as short as 
possible. 

The sampling scope interface runs directly to the 50- 
ohm inputs of Channel A and B via 50-ohm coaxial cable. 
Equal-length coaxial cables must be used between the 
test set and the A and B scope inputs. A 50-ohm coax 
cable such as RG58/U or RG188A/U, is recommended. 

Interconnect fittings should be 50-ohm GR, BNC, 
Sealectro Conhex, or equivalent. Wire length should be 
< Ya inch from TPjp to input pin and TPoyt to output pin. 


The pulse generator must be capable of 2.0 ns rise and 
fall times for MECL 10K and 1.5 ns for MECL 10KH and 
MECL Ill. In addition, the generator voltage must have an 
offset to give MECL signal swings of =~ +400 mV about 
a threshold of ~ +0.7 V when Vcc = +2.0 V and VEE 
= -—3.2 V for ac testing of logic devices. 

The power supplies are shifted +2.0 V, so that the 
device under test has only one resistor value to load into 
the precision. 50-ohm input impedance of the sampling 
oscilloscope. Use of this technique yields a close corre- 
lation between Motorola and customer testing. Unused 
outputs are loaded with a 50-ohm resistor (100-ohm for 
MC105XX devices) to ground. The positive supply (Vcc) 
should be decoupled from the test board by RF type 25 uF 
capacitors to ground. The Vcc pins are bypassed to 
ground with 0.1 uF, as is the VEE pin. 

Additional information on testing MECL 10K and under- 
standing data sheets is found in Application Note AN701 
and the MECL System Design Handbook, HB205. 


FIGURE 12 — MECL LOGIC SWITCHING TIME TEST SETUP 
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SECTION Ili — OPERATIONAL DATA 


_ POWER SUPPLY CONSIDERATIONS | 


MECL circuits are characterized with the Vcc point at 
ground potential and the Veg point at — 5.2 V. While this 
MECL convention is not necessarily mandatory, it does 
result in maximum noise immunity. This is so because 
any noise induced on the VEE line is applied to the circuit 
as a common-mode signal which is rejected by the dif- 
ferential action of the MECL input circuit. Noise induced 
into the Vcc line is not cancelled out in this fashion. 
Hence, a good system ground at the Vcc bus is required 
for best noise immunity. Also, MECL 10KH circuits may 
be operated with Veg at —4.5 V with a negligible loss of 
noise immunity. 

Power supply regulation which will achieve 10% reg- 
ulation or better at the device level is recommended. The 
—5.2 V power supply potential will result in best circuit 
speed. Other values for Veg may be used. A more neg- 
ative voltage will increase noise margins at a cost of 
increased power dissipation. A less negative voltage will 
have just the opposite effect. (Noise margins and per- 
formance specifications of MECL 10KH are unaffected by 
variations in Veg because of the internal voltage 
regulation.) | . 

On logic cards, a ground plane or ground bus system 
should be used. A bus system should be wide enough 
to prevent significant voltage drops between supply and 
device and to produce a low source inductance. — 

Although little power supply noise is generated by 
MECL logic, power’ supply bypass capacitors are rec- 
ommended to handle switching currents caused by stray 
capacitance and asymmetric circuit loading. A parallel 
combination of a 1.0 uF and a 100 pF capacitor at the 
power entrance to the board, and a 0.01 uF low-induct- 
ance capacitor between ground and the — 5.2 V line every 
four to six packages, are recommended. , 

Most MECL 10KH, MECL 10K and MECL III circuits have 
two Vcc leads. Vcc supplies current to the output tran- 


sistors and Vcc is connected to the circuit logic tran-_ 


sistors. The separate Vcc pins reduce cross-coupling 
between individual circuits within a package when the 


outputs are driving heavy loads. Circuits with large drive | 


capability, similar to the MC10110, have two Vcc pins. 
All Vcc pins should be connected to the ground plane 
or ground bus as close to the package as possible. 


For further discussion of MECL power supply consid-— 


erations to be made in system designing, see MECL Sys- 
tem Design Handbook, HB205. 


POWER DISSIPATION 


The power dissipation of MECL functional blocks is 
specified on their respective data sheets. This specifica- 
tion does not include power dissipated in the output 
devices due to output termination. The omission of inter- 
nal output pulldown resistors permits the use of external 


terminations designed to yield best system performance. — 
To obtain total operating power dissipation of a particular - 


functional block in a system, the dissipation of the output 
transistor, under load, must be added to the circuit power 
dissipation. 4 
The table in Figure 13 lists the power dissipation in the 
output transistors plus that in the external terminating 





resistors, for the more commonly used termination val- 
ues and circuit configurations. To obtain true package 
power dissipation, one output-transistor power-dissipa- 
tion value must be added to the specified package power 
dissipation for each external termination resistor used in 
conjunction with that package. To obtain system power 
dissipation, the stated dissipation in the external termi- 
nating resistors must be added as well. Unused outputs 
draw no power and may be ignored. 


FIGURE 13 — AVERAGE POWER DISSIPATION IN OUTPUT 
CIRCUIT WITH EXTERNAL TERMINATING RESISTORS 


Output 
Transistor 
Power 

Terminating ‘Dissipation 
Resistor Value (mW) 


150 ohms to — 2.0 Vde 
100 ohms to — 2.0 Vdc 
75 ohms to —2.0 Vdc 


Terminating 
Resistor 
Power 
Dissipation 


82 ohms to Vcc and 
130 ohms to Veg 


LOADING CHARACTERISTICS 


The differential input to MECL circuits offers several 
advantages. Its common-mode-rejection feature offers 
immunity against power-supply noise injection, and its 
relatively high input impedance makes it possible for any 
circuit to drive a relatively large number of inputs without 
deterioration of the guaranteed noise margin. Hence, dc 
fanout with MECL circuits does not normally present a 
design problem. 

Graphs showing typical output voltage levels as a func- 
tion of load current for MECL 10KH, MECL 10K and MECL 
lil shown in Figure 14. These graphs can be used to deter- 
mine the actual output voltages for loads exceeding nor- 
mal operation. . ; 

While dc loading causes a change in output voltage 
levels, thereby tending to affect noise margins, ac loading 
increases the capacitances associated with the circuit 
and, therefore, affects circuit speed, primarily rise and 
fall times. _ E@ 

MECL circuits typically have a 7 ohm output impedance 
and a relatively unaffected by capacitive loading on a 


_ positive-going output signal. However, the negative- 
. going edge is dependent on the output pulldown or ter- 


mination resistor. Loading close to a MECL output pin 
will cause an additional propagation delay of 0.1 ns per 
fanout load with a 50 ohm resistor to — 2.0 Vdc or 270 
ohms to —5.2 Vdc. A 100 ohm resistor to —2.0 Vdc or 


510 ohms to —5.2 Vdc results in an additional 0.2 ns 
propagation delay per fanout load. 

Terminated transmission line signal interconnections 
are used for best system performance. The propagation 
delay and rise time of a driving gate are affected very 
little by capacitance loading along a matched parallel- 
terminated transmission line. However, the delay and 
characteristic impedance of the transmission line itself 
are affected by the distributed capacitance. Signal prop- 
agation down the line will be increased by a factor, 
V1+Cq/Co. Here Cog is the normal intrinsic line capaci- 


FIGURE 14 — OUTPUT VOLTAGE LEVELS 
versus DC LOADING 


(LOAD LINES FOR TERMINATION TO -2.0 Vdc) 25°C 
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tance, and Cq is the distributed capacitance due to load- 
ing and stubs off the line. 

Maximum allowable stub lengths for loading off of a 
MECL 10K transmission line vary with the line imped- 
ance. For example, with Zg = 50 ohms, maximum stub 
length would be 4.5 inches (1.8 in. for MECL III). But when 
Zo = 100 ohms, the maximum allowable stub length is 
decreased to 2.8 inches (1.0 in. for MECL Ill). 

The input loading capacitance of a MECL 10KH and 
MECL 10K gate is about 2.9 pF and 3.3 pF for MECL Ill. 
To allow for the IC connector or solder connection and a 
short stub length, 5 to 7 pF is commonly used in loading 
calculations. 


UNUSED MECL INPUTS 


The input impedance of a differential amplifier, as used 
in the typical MECL input circuit, is very high when the 
applied signal level is low. Under low-signal conditions, 
therefore, any leakage to the input capacitance of the gate 
could cause a gradual buildup of voltage on the input 
lead, thereby adversely affecting the switching charac- 
teristics at low repetition rates. 

All single-ended input MECL logic circuits contain input 
pulldown resistors between the input transistor bases 
and Ver. As a result, unused inputs may be left uncon- 
nected (the resistor provides a sink for ICBO !eakage cur- 
rents, and inputs are held sufficiently negative that cir- 
cuits will not trigger due to noise coupled into such 
inputs). Input pulldown resistor values are typically 50 kO 
and are not to be used as pulldown resistors for preced- 
ing open-emitter outputs. 

Some MECL devices do not have input pulldowns. 
Examples are the differential line receivers. If a single 
differential receiver within a package is unused, one input 
of that receiver must be tied to the Vgp pin provided, 
and the other input goes to V_eg or is left open. 

MECL circuits do not operate properly when inputs are 
connected to Vcc for a HIGH logic level. Proper design 
practice is to set a HIGH level as about — 0.9 volts below 
Vcc with a resistor divider, a diode drop, or an unused 
gate output. 





SECTION IV — SYSTEM DESIGN CONSIDERATIONS 


THERMAL MANAGEMENT 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are im- 
proved by keeping the IC junction temperatures low. 

Electrical power dissipated in any integrated circuit is 
a source of heat. This heat source increases the temper- 
ature of the die relative to some reference point, normally 
the ambient temperature of 25°C in still air. The temper- 
ature increase, then, depends on the amount of power 
dissipated in the circuit and on the net thermal resistance 
between the heat source and the reference point... 

The temperature at the junction is a function of the 
packaging and mounting system’s ability to remove heat 

generated in the circuit — from the junction region to the 
ambient environment. The basic formula (a) for convert- 
ing power dissipation to estimated junction temperature 
is: 


Ty = Ta + Ppl@sc + aca) (1) 
or 
Ty = Ta + Pplaya) (2) 
where . 
Ty = maximum junction temperature 
Ta = maximum ambient temperature 


Pp = calculated maximum power dissipation 
| including effects of external loads (see 
Power Dissipation in section Ill). 
85C = average thermal resistance, junction to case 
OCA = average thermal resistance, case to ambient 
0jA = average thermal resistance, junction to 


ambient 


This Motorola recommended formula has been ap- 
proved by RADC and DESC for calculating a ‘practical’ 
maximum operating junction temperature for MIL-M- 
38510 (JAN) MECL 10K devices. 


Only two terms on the right side of equation (1) can be 
varied by the user — the ambient temperature, and the 
device case-to-ambient thermal resistance, 6c,a. (To 
some extent the device power dissipation can be also 
controlled, but under recommended use the Veg supply 
and loading dictate a fixed power dissipation.) Both sys- 
tem air flow and the package mounting technique affect 
the 6ca thermal resistance term. 6jc is essentially in- 
dependent of air flow and external mounting method, 
but is sensitive to package material, die bonding method, 
and die area. 


FIGURE 15 — THERMAL RESISTANCE VALUES FOR STANDARD MECL I/C PACKAGES 


Thermal Resistance in Still Air 


‘Packane —_ 


OJC 


Pee (°C/Watt) 


No. Body Body Body © Die Area ey Area 


1/4"x3/8" 
1/4"x3/8" 
1/4"x 1/4" 
1/4”"x3/4" 
1/4"x3/4" 
1/4’x3/8" 
1/4"x3/4" 
1/4"x3/4" 
0.35”"x0.35" 
3/8"x5/8" 
1/2”x1-1/4". 
1/2”x1-1/4" 
0.45”"x0.45" 


EPOXY 
SILVER/GLASS 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 

EPOXY 
SILVER/GLASS 

alo 


8100 
N/A 
~ N/A 
6400 
N/A 
N/A 
12100 
N/A 
14,400 
N/A 
22500 
N/A 
28,900 


1. All ‘laste packages use copper lead frames — ceramic packages use alloy 42 frames. 


2. Body style DIL is ‘‘Dual-In-Line.” 
3. Standard Mounting Methods: 


a. Dual-In-Line In Socket or P/C board with no contact between bottom of package and socket or P/C board. 
b. Flat Pack — Bottom of package in direct contact with non-metallized area of P/C board. 
c. PLCC packages solder attached to traces on 2.24” x 2.24” x 0.062” FR4 type glass epoxy board with 1 oz./S.F. copper (solder coated) 


mounted to tester with 3 leads of 24 gauge copper wire. 
4. Case Outline 649 
5. Case Outline 623 





For applications where the case is held at essentially a 
fixed temperature by mounting on a large or tempera- 
ture-controlled heatsink, the estimated junction temper- 
ature is calculated by: 

Ty = Te + Pp (@Jc) (3) 
where Tc = maximum case temperature and the other 
parameters are as previously defined. 

The maximum and average thermal resistance values 
for standard MECL IC packages are given in Figure 15. In 
Figure 16, this basic data is converted into graphs show- 
ing the maximum power dissipation allowable at various 
ambient temperatures (still air) for circuits mounted in 
the different packages, taking into account the maximum 
permissible operating junction temperature for long term 
life (= 100,000 hours for ceramic packages). 


AIR FLOW 


The effect of air flow over the packages on 0 ja (due 
to a decrease in @¢,) is illustrated in the graphs of Figure 
17. This air flow reduces the thermal resistance of the 
package, therefore permitting a corresponding increase 
in power dissipation without exceeding the maximum 
permissible operating junction temperature. 


FIGURE 16A — AMBIENT TEMPERATURE DERATING CURVES 
(CERAMIC DUAL-IN-LINE PACKAGE) 
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FIGURE 16B — AMBIENT TEMPERATURE DERATING CURVES 
(CERAMIC FLAT PACKAGE) 
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75 
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683A, AVERAGE THERMAL RESISTANCE (°C/W) 


GJA, AVERAGE THERMAL RESISTANCE (°C/W) 


As an example of the use of the information above, the 
maximum junction temperature for a 16 lead ceramic 
dual-in-line packaged MECL 10K quad OR/NOR gate 
(MC10101L) loaded with four 50 ohm loads can be cal- 
culated. Maximum total power dissipation (including 4 
output loads) for this quad gate is 195 mW. Assume for 
this thermal study that air flow is 500 linear feet per min- 
ute. From Figure 17, 0ja is 50°C/W. With T, (air flow 
temperature at the device) equal to 25°C, the following 
maximum junction temperature results: 

Ty = Pp (@ga) + Ta 
Ty = (0.195 W) (50°C/W + 25°C = 34.8°C) 

Under the above operating conditions, the MECL 10K 
quad gate has its iunction elevated above ambient tem- 
perature by only 9.8°C. 

Even though different device types mounted on a 
printed circuit board may each have different power dis- 
sipations, all will have the same input and output levels 
provided that each is subject to identical air flow and the 
same ambient air temperature. This eases design, since 
the only change in levels between devices is due to the 
increase in ambient temperatures as the air passes over 
the devices, or differences in ambient temperature 
between two devices. 


FIGURE 17A — AIRFLOW versus THERMAL RESISTANCE 
(CERAMIC DUAL-IN-LINE PACKAGE) 
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FIGURE 17B — AIRFLOW versus THERMAL RESISTANCE 
(CERAMIC FLAT PACKAGE) 
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FIGURE 16C — AMBIENT TEMPERATURE DERATING CURVES 
(PLASTIC DUAL-IN-LINE PACKAGE) 
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FIGURE 16D — AMBIENT TEMPERATURE DERATING CURVES 
(PLCC PACKAGE) 


MAXIMUM ALLOWED POWER DISSIPATION (mW/Pkg) 
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FIGURE 18 — THERMAL GRADIENT OF JUNCTION 
TEMPERATURE 
(16-Pin MECL Dual-In-Line Package) 





Devices mounted on 0.062” PC board with Z axis spacing of 0.5”. 
Air flow is 500 Ifpm along the Z axis. 


The majority of MECL 10KH, MECL 10K, and MECL III 
users employ some form of air-flow cooling. As air passes 
over each device on a printed circuit board, it absorbs 
heat from each package. This heat gradient from the first 
package to the last package is a function of the air flow 
rate and individual package dissipations. Figure 18 pro- 
vides gradient data at power levels of 200 mW, 250 mW, 
300 mW, and 400 mW with an air flow rate of 500 Ifpm. 
These figures show the proportionate increase in the 
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FIGURE 17C — AIRFLOW versus THERMAL RESISTANCE 
(PLASTIC DUAL-IN-LINE PACKAGE) 
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FIGURE 17D — AIRFLOW versus THERMAL RESISTANCE 
(PLCC PACKAGE) . 
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junction temperature of each dual-in-line package as the 
air passes over each device. For higher rates of air flow 
the change in junction temperature from package to pack- 
age down the airstream will be lower due to greater 
cooling. | 


OPTIMIZING THE LONG TERM RELIABILITY OF 
PLASTIC PACKAGES 


Todays plastic integrated circuit packages are as reli- 
able as ceramic packages under most environmental con- 
ditions. However when the ultimate in system reliability 
is required, thermal management must be considered as 
a prime system design goal. 

Modern plastic package assembly technology utilizes 
gold wire bonded to aluminum bonding pads throughout 
the electronics industry. When exposed to high temper- 
atures for protracted periods of time an intermetallic 
compound can form in the bond area resulting in high 
impedance contacts and degradation of device perfor- 
mance. Since the formation of intermetallic compounds 
is directly related to device junction temperature, it is 
incumbent on the designer to determine that the device 
junction temperatures are consistent with system relia- 
bility goals. 


Predicting Bond Failure Time: 


Based on the results of almost ten (10) years of + 125°C 
operating life testing, a special arrhenius equation has 
been developed to show the relationship between junc- 
tion temperature and reliability. 


11554.267 | 


= -9 rere 
(1) T = (6.376 x 10-%)e te 1 


Where: T = Timeinhours to 0.1% bond failure (1 failure 
per 1,000 bonds). 
Ty = Device junction temperature, °C. 
And: 
(2)T) = Ta + Po#Ja = Ta + ATy 
Where: Ty = Device junction temperature, °C. 
Ta = Ambient temperature, °C. 
Pp = Device power dissipation in watts. 
6JA = Device thermal resistance, junction to air, 
— °C/Watt. 
ATj = Increase in junction temperature due to 


on-chip power dissipation. 


Table 1 shows the relationship between junction tem- 
perature, and continuous operating time to 0.1% bond 
failure, (1 failure per 1,000 bonds). 


TABLE 4 — DEVICE JUNCTION TEMPERATURE versus 
TIME TO 0.1% BOND FAILURES. 


ef mean fe 
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Junction 
Temperature °C 











Table 4 is graphically illustrated in Figure 19 which 
shows that the reliability for plastic and ceramic devices 
are the same until elevated junction temperatures 
induces intermetallic failures in plastic devices. Early and 
mid-life failure rates of plastic devices are not effected 
by this intermetallic mechanism. 


FIGURE 19. FAILURE RATE versus TIME 
JUNCTION TEMPERATURE 
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MECL Junction Temperatures: 


Power levels have been calculated for a number of 
MECL 10K and MECL 10KH devices in 20 pin plastic 
leaded chip carriers and translated to the resulting 
increase of junction temperature (ATy) for still air and 
moving air at 500 LFPM using equation 2 and are shown 
in Table 5. 


TABLE 5 — INCREASE IN JUNCTION TEMPERATURE DUE TO 
I/C POWER DISSIPATION. 
20 PIN PLASTIC LEADED CHIP CARRIER 
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MECL 10K ATy,°C MECL 10H ATy,°C 
Device ATy,°C 500LFPM Device ATy,°C 500 LFPM 
Type Still Air Air Type Still Air Air 

MC10100 16.2 10.5 MC10HO16 48.0 30.0 
MC10101 21.8 14.1. MC10H100 16.6 10.8 
MC10102 17.6 11.4 MC10H101 22.1 14.5 
MC10103 17.6 11.4 MC10H102 18.0 11.8 
MC10104 20.8 13.4 MC10H103 18.0 11.8 
MC10105 17.2 11.2 MC10H104 21.0 13.5 
MC10106 13.0 8.4 MC10H105 17.8 11.7 
MC10107 19.8 12.8 MC10H106 13.2 8.7 
MC10109 11.7 7.7. MC10H107 20.0 12.9 
MC10110 24.7 16.1 MC10H109 11.9 7.8 
MC10111 24.7 16.1 MC10H113 22.8 14.8 
MC10113 22.2 14.3. MC10H115 16.7 10.9 
MC10114 22.6 14.6 MC10H116 17.8 11.7 
MC10115 16.7 10.9 | MC10H117 16.7 11.0 
MC10116 17.2 11.1. MC10H118 13.8 9.0 
MC10117 16.2 10.5 MC10H119 12.5 8.2 
MC10118 13.4 8.7 MC10H121 13.9 9.1 
MC10119 12.1 7.8 MC10H123 23.1 15.0 
MC10121 13.5 8.5 MC10H124 44.2 28.4 
MC10123 37.6 24.0 MC10H125 a = 
MC10124 42.9 27.3. MC10H130 19.7 12.7 
MC10125 = == MC10H131 28.2 18.2 
MC10130 19.6 12.6 MC10H135 33.2 21.4 
MC10131 26.9 17.1. MC10H136 61.7 38.5 
MC10133 34.4 21.9 MC10H141 44.3 28.0 
MC10134 27.0 17.2. MC10H145 59.4 36.9 
MC10135 31.9 20.3. MC10H158 25.3 16.4 
MC10136 52.3 32.6 | MC10H159 27.3 177 
MC10138 37.0 23.2 | MC10H160 32.1 20.5 
MC10141 42.7 26.7. MC10H161 41.5 26.7 
MC10153 34.4 21.9 MC10H162 415 26.7 
MC10158 23.9 15.2 MC10H164 31.9 20.6 
MC10159 25.8 16.4 MC10H165 56.3 35.8 
MC10160 32.0 20.4 MC10H166 44.4 28.3 
MC10161 40.7 26.0 | MC10H171 41.9 26.9 
MC10162 40.7 26.0 | MC10H172 41.9 26.9 
MC10164 31.3 20.1 MC10H173 32.6 21.1 
MC10165 53.7 33.6 MC10H174 32.5 21.0 
MC10166 43.5 27.6 MC10H175 45.9 29.6 
MC10168 34.4 21.9 MC10H176 50.9 32.3 
MC10170 29.9 18.9 | MC10H179 35.0 22.6 
MC10171 41.1 26.2 MC10H180 42.4 27.2 
MC10172 41.1 26.2 MC10H1814 64.4 38.6 
MC10173 30.5 19.3 MC10H186 50.2 31.8 
MC10174 31.9 20.5 MC10H188 25.8 16.7 
MC10175 43.7 27.6 | MC10H189 25.8 16.7 
MC10176 49.6 31.3. MC10H209 18.9 12.5 
MC10178 38.1 23.9 | MC10H210 25.0 16.4 
MC10186 49.6 31.1 MC10H211 25.0 16.4 
MC10188 25.4 16.4 MC10H3304 65.8 36.1 
MC10189 24.6 15.9 | MC10H332 52.2 33.5 
MC10190 25.5 16.2 MC10H334 77.8 49.3 
MC10192 67.0 43.0 | MC10H350 a 
MC10195 46.7 29.9 MC10H423 31.3 20.3 
MC10197 27.7 17.7. MC10H424 37.7 24.3 
MC10198 21.2 13.4 
MC10210 24.5 16.0 
MC10211 24.6 16.0 
MC10212 24.3 15.8 
MC10216 24.1 15.6 
MC10231 30.6 19.5 

NOTES: 


(1) All ECL outputs are loaded with a 50 2 resistor and assumed 
operating at 50% duty cycle. 


(2 


— 


ATy for ECL to TTL translators are excluded since the supply 


current to the TTL section is dependent on frequency, duty cycle 
and loading. 
(3) Thermal Resistance (@)a) measured with PLCC packages solder 
attached to traces on 2.24” x 2.24” x 0.062” FR4 type glass epoxy 
board with 1 0z./sq. ft. copper (solder-coated) mounted to tester 
with 3 leads of 24 gauge copper wire. 
(4) 28 lead PLCC. 








Case Example: 


. After the desired system failure rate has been estab- 
lished for failure mechanisms other than intermetallics, 
~ each plastic device in the system should be evaluated for 

maximum junction temperature using Table 5. Knowing 

the maximum junction temperature refer to Table 4 or 

Equation 1 to determine the continuous operating time 

required to 0.1% bond failures due to intermetallic for- 

mation. At this time, system reliability departs from the 

desired value as indicated in Figure 19. 

To illustrate, assume that system ambient air temper- 
ature is 55°C (an accepted industry standard for evalu- 
ating system failure rates). Reference is made to Table 5 
to determine the maximum junction temperature for each 
device for still air and transverse air flow of 500 LFPM. 

Adding the 55°C ambient to the highest ATy listed, 
77.8°C (for the MC10H334 with no air flow), gives a max- 
imum junction temperature of 132.8°C. Reference to 
Table 4 indicates a departure from the desired failure rate 
after about 2 years of constant exposure to this junction 
temperature. If 500 LFPM of air flow is utilized, maximum 
junction temperature for this device is reduced to 104.3°C 
for which Table 4 indicates an increased failure rate in 
about 15 years. 

Air flow is one method of thermal management which 


should be considered for system longevity. Other com- . 


monly used methods include heat sinks for higher pow- 
ered. devices, refrigerated air flow and lower density 
board stuffing. 

The material presented here emphasizes the need to 
consider thermal management as an integral part of sys- 
tem design and also the tools to determine if the man- 
agement methods being considered are adequate to pro- 
duce the desired system reliability. 


THERMAL EFFECTS ON NOISE MARGIN 


The data sheet dc specifications for standard MECL 10K 
and MECL Ill devices are given for an operating temper- 
ature range from — 30°C to + 85°C (0° to + 75°C for MECL 
10KH and memories). These values are based on having 
an airflow of 500 Ifpm over socket or P/C board mounted 
packages with no special heatsinking (i.e., dual-in-line 
package mounted on lead seating plane with no contact 
between bottom of package and socket or P/C board and 
flat package mounted with bottom in direct contact with 
non-metallized area of P/C board). 

The designer may want to use MECL devices under 
conditions other than those given above. The majority of 
the low-power device types may be used without air and 
with higher 6). However, the designer must bear in 
mind that junction temperatures will be higher for higher 
0 JA, even though the ambient temperature is the same. 
Higher junction temperatures will cause logic levels to 
shift. 

As an example, a 300 mW 16 lead dual-in-line ceramic 
device operated at 6)a = 100°C/W (in still air) shows a 
HIGH logic level shift of about 21 mV above the HIGH 
logic level when operated with 500 Ifpm air flow and a 
0 JA = 50°C/W. (Level shift = ATy x 1.4 mV/°C). 

If logic levels of individual devices shift by different 
amounts (depending on Pp and 0 ja), noise margins are 
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somewhat reduced. Therefore, the system designer must 
lay out his system bearing in mind that the mounting 
procedures to be used should minimize thermal. effects 
on noise margin. 

The following sections on package mounting and heat- 
sinking are intended to provide the designer with suffi- 
cient information to insure good noise margins and high 
reliability in MECL system use. | 


MOUNTING AND HEATSINK SUGGESTIONS 


With large high-speed logic systems, the use of mul- 
tilayer printed circuit boards is recommended to provide 
both a better ground plane and a good thermal path for 
heat dissipation. Also, a multilayer board allows the use 
of microstrip line techniques to provide transmission line 
interconnections. 

Two-sided printed circuit boards may be used where 
board dimensions and package count are small. If pos- 
sible, the Vcc ground plane should face the bottom of 
the package to form the thermal conduction plane. If sig- 
nal lines must be placed on both sides of the board, the 
Veg plane may be used as the thermal plane, and at the 
same time may be used as a pseudo ground plane. The 
pseudo ground plane becomes the ac ground reference 
under the signal lines placed on the same side as the 
Vcc ground plane (now on the opposite side of the board 
from the packages), thus maintaining a microstrip signal 
line environment. | . 

Two-ounce copper P/C board is recommended for ther- 
mal conduction and mechanical strength. Also, mounting 
holes for low power devices may be countersunk to allow 
the package bottom to contact the heat plane. This tech- 
nique used along with thermal paste will provide good 
thermal conduction. 

Printed channeling is a useful technique for conduction 
of heat away from the packages when the devices are 
soldered into a printed circuit board. As illustrated in 
Figure 20, this heat dissipation method could also serve 
as Veg voltage distribution or as a ground bus. The chan- 
nels should terminate into channel strips at each side or 
the rear of a plug-in type printed circuit board. The heat 
can then be removed from the circuit board, or board 
slide rack, by means of wipers that come into thermal 
contact with the edge channels. | 


FIGURE 20 = CHANNEL/WIPER HEATSINKING ON 
DOUBLE LAYER BOARD 





For operating some of the higher power device types* 
in 16 lead dual-in-line packages in still air, requiring 0jA 
<100°C/W, a suitable heatsink is the IERC LIC-214A2WCB 
shown in Figure 21. This sink reduces the still air @ja to 
around 55°C/W. By mounting this heatsink directly on a 
copper ground plane (using silicone paste) and passing 
500 Ifpm air over the packages, 6), is reduced to approx- 
imately 35°C/W, permitting use at higher ambient tem- 
peratures than +85°C (+ 75°C for MECL 10KH memories) 
or in lowering Ty for improved reliability. 


FIGURE 21 — MECL HIGH-POWER DUAL-IN-LINE PACKAGE 
MOUNTING METHOD 
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It should be noted that the use of a heatsink on the top 
surface of the dual-in-line package is not very effective 
in lowering the 6y,. This is due to the location of the die 
near the bottom surface of the package. Also, very little 
(< 10%) of the internal heat is withdrawn through the 
package leads due to the isolation from the ceramic by 
the solder glass seals and the limited heat conduction 
from the die through 1.0 to 1.5 mil aluminum bonding 
wires. 


INTERFACING MECL TO SLOWER LOGIC TYPES 


MECL circuits are interfaceable with most other logic 
forms. For MECL/TTL/DTL interfaces, when MECL is oper- 
ated at the recommended —5.2 volts and TTL/DTL at 
+5.0 V supply, currently available translator circuits, such 
as the MC10124 and MC10125, may be used. 

For systems where a dual supply (—5.2 V and +5 V) 
is not practical, the MC10H350 includes four single supply 
MECL to TTL translators, or a discrete component trans- 
lator can be designed. For details, see MECL System 
Design Handbook (HB205). Such circuits can easily be 
made fast enough for any available TTL. 


* 10128, 10129, 10136, 10H136, 10137, 10177, 10182, and 10804, Max 


Pp > 800 mW. 


1-21 


MECL also interfaces readily with MOS. With CMOS 
operating at +5 V, any of the MECL to TTL translators 
works very well. 

Specific circuitry for use in interfacing MECL families 
to other logic types is given in detail in the MECL System 
Design Handbook. 

Complex MECL 10K devices are presently available for 
interfacing MECL with MOS logic, MOS memories, TTL 
three-state circuits, and IBM bus logic levels. See Appli- 
cation Note AN-720 for additional interfacing 
information. 


CIRCUIT INTERCONNECTIONS 


Though not necessarily essential, the use of multilayer 
printed circuit boards offers a number of advantages in 
the development of high-speed logic cards. Not only do 
multilayer boards achieve a much higher package den- 
sity, interconnecting leads are kept shorter, thus mini- 
mizing propagation delay between packages. This is par- 
ticularly beneficial with MECL II] which has relatively fast 
(1 ns) rise and fall times. Moreover, the unbroken ground 
planes made possible with multilayer boards permit 
much more precise control of transmission line imped- 
ances when these are used for interconnecting purposes. 
Thus multilayer boards are recommended for MECL Ill 
layouts and are justified when operating MECL 10KH and 
MECL 10K at top circuit speed, when high-density pack- 
aging is a requirement, or when transmission line inter- 
connects are used. 

Point-to-point back-plane wiring without matched line 
terminations may be employed for MECL interconnec- 
tions if line runs are kept short. At MECL 10K speeds, this 
applies to line runs up to 6 inches, for MECL 10KH and 
MECL Ill up to 1 inch (Maximum open wire lengths for 
less than 100 mV undershoot). But, because of the open- 
emitter outputs of MECL 10KH, MECL 10K and MECL Ill 
circuits, pull-down resistors are always required. Several 
ways of connecting such pull-down resistors are shown 
in Figure 22. 

Resistor values for the connection in Figure 22a may 
range from 270 ohms to kQ depending on power and 
load requirements. (See MECL System Design Hand- 
book.) Power may be saved by connecting pull-down 
resistors in the range of 50 ohms to 150 ohms, to 
— 2.0 Vdc, as shown in Figure 22b. Use of a series damp- 
ing resistor, Figure 22c, will extend permissible lengths 
of unmatched-impedance interconnections, with some 
loss of edge speed. : 

With proper choice of the series damping resistor, line 
lengths can be extended to any length,** while limiting 
overshoot and undershoot to a predetermined amount. 
Damping resistors usually range in value from 10 ohms 
to 100 ohms, depending on the line length, fanout, and 
line impedance, the open emitter-follower outputs of 
MECL 10KH, MECL IIl and MECL 10K give the system 
designer all possible line driving options. 

One major advantage of MECL over saturated logic is 
its capability for driving matched-impedance transmis- 
sion lines. Use of transmission lines retains signal integ- 
rity over long distances. The MECL 10KH and MECL 10K 
emitter-follower output transistors will drive a 50-ohm 
transmission line terminated to —2.0 Vdc. This is the 
equivalent current load of 22 mA in the HIGH logic state 
and 6 mA in the LOW state. 


** Limited only by line attenuation and band-width characteristics. 





Parallel termination of transmission lines can be done 
in two ways. One, as shown in Figure 23a, uses a single 
resistor whose value is equal to the impedance (Z,) of 
_ the line. A terminating voltage (Vt7) of —2.0 Vde must 
be supplied to the terminating resistor. 

Another method of parallel termination uses a pair of 
resistors, R1 and R2. Figure 23b illustrates this method. 
' The following two equations are used to calculate the 
values of R1.and R2: 


R1 
R2 


1.6 Zo 
2.6 Zo 


Another popular approach is the series-terminated 
transmission line (see Figure 23). This differs from par- 
allel termination in that only one-half the logic swing is 
propagated through the lines. The logic swing doubles 
at the end of the transmission line due to reflection on 
an open line, again establishing a full logic swing. 


FIGURE 22 — PULL-DOWN RESISTOR TECHNIQUES 





To maintain clean wave fronts, the input impedance 
of the driven gate must be much greater than the char- 
acteristic impedance of the transmission line. This con- 
dition is satisfied by MECL circuits which have high 
impedance inputs. Using the appropriate terminating 
‘resistor (Rs) at point A (Figure 24), the reflections in 
the transmission line will be terminated. 


FIGURE 23a — PARALLEL TERMINATED LINE 


Vrr (2.0 v) 





FIGURE 23b — PARALLEL TERMINATION — THEVENIN 
| EQUIVALENT 



















The advantages of series termination include ease of 


- driving multiple series-terminated lines, low power con- 


sumption, and low cross talk between adjacent lines. The 


' disadvantage of this system is that loads may not be 
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distributed along the transmission line due to the one- 
half logic swing present at intermediate points. 

For board-to-board interconnections, coaxial cable 
may be used for signal conductors. The termination tech- 
niques just discussed also apply when using coax. Coax- 
ial cable has the advantages of good noise immunity and 
low attenuation at high frequencies. 

Twisted pair lines are one of the most popular methods 
of interconnecting cards or panels. The complementary 
outputs of any MECL function may be connected to one 
end of the twisted pair line, and any MECL differential 
line receiver to the other as shown in the example, Figure 
25. RT is used to terminate the twisted pair line. The 1 to 
1.5 V common-mode noise rejection of the line receiver 
ignores common-mode cross talk, permitting multiple 
twisted pair lines to be tied into cables. MECL signals 
may be sent very long distances (> 1000 feet) on twisted 
pair, although line attenuation will limit bandwidth, 


. degrading edge speeds when long line runs are made. 


If timing is critical, parallel signals paths (shown in 
Figure 26) should be used when fanout to several cards 
is required. This will eliminate distortion caused by long 
stub lengths off a signal path. | 

Wire-wrapped connections can be used with MECL 
0K. For MECL Ill and MECL 10KH, the fast edge speeds 
(1 ns) create a mismatch at the wire-wrap connections 
which can cause reflections, thus reducing noise immu- 
nity. The mismatch occurs also with MECL 10K, but the 
distance between the wire-wrap connections and the end 
of the line is generally short enough so the reflections 
cause no problem. 


Series damping resistors may be used with wire- 
wrapped lines to extend permissible backplane wiring 
lengths. Twisted pair lines may be used for even longer 
distances across large wire-wrapped cards. The twisted 
pair gives a more defined characteristic impedance (than 
a single wire), and can be connected either single-ended, 
or differentially using a line receiver. 

The recommended wire-wrapped circuit cards have a 
ground plane on one side and a voltage plane on the 
other side to insure a good ground and a stable voltage 
source for the circuits. In addition, the ground plane near 
the wire-wrapped lines lowers the impedance of those 
lines and facilitates terminating the line. Finally, the 
ground plane serves to minimize cross talk between par- 
aliei paths in the signai lines. Point-to-point wire routing 
is recommended because cross talk will be minimized 
and line lengths will be shortest. Commercial wire-wrap 
boards designed for MECL 10K are available from several 
vendors. 


FIGURE 25 — TWISTED PAIR LINE DRIVER/RECEIVER 





FIGURE 26 — PARALLEL FANOUT TECHNIQUES 
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Card C 


Ry = 2 (each) 


*Multiple output gate eg MC10110 V7 7 





Microstrip and Stripline 


Microstrip and stripline techniques are used with 
printed circuit boards to form transmission lines. Micro- 
strip consists of a constant-width conductor on one side 
of a circuit board, with a ground plane on the other side 
(shown in Figure 27). The characteristic impedance is 
determined by the width and thickness of the conductor, 
the thickness of the circuit board, and the dielectric con- 
stant of the circuit board material. 


FIGURE 27 — PC INTERCONNECTION LINES FOR 
USE WITH MECL  _ 


€p= 4.5 
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Stripline is used with multilayer circuit boards as 
shown in Figure 27. Stripline consists of a constant-width 
conductor between two ground planes. | 

Refer to MECL System Design Handbook for a full dis- 
cussion of the properties and use of these. 


CLOCK DISTRIBUTION 


Clock distribution can be a system problem. At MECL 
10K speeds, either coaxial cable or twisted pair line (using 


the MC10101 and MC10115) can be used to distribute 


clock signals throughout a system. Clock line lengths 
should be controlled and matched when timing could be 
critical. Once the clocking signals arrive on card, a tree 
distribution should be used for large-fanouts at high fre- 


-quency. An example of the application of the technique 


is shown in Figure 28. 

Because of the very high clock rates encountered in 
MECL III systems, rules for clocking are more rigorous 
than in slower systems. . 

The following guidelines should be followed for best 


_ results: 
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A. On-card Synchronous Clock Distribution via 
- Transmission Line 


1. Use the NOR output in developing clock chains or 
trees. Do not mix OR and NOR outputs in the chain. 

2. Use balanced fanouts on the clock drivers. 

3. Overshoot can be reduced by using two parallel drive 
lines in place of one drive line with twice the lumped 
load. 





FIGURE 28 — 64 FANOUT CLOCK DISTRIBUTION 
(PROPER TERMINATION REQUIRED) 
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4. To minimize clock skewing problems on synchron- 
ous sections of the system, line delays should be matched 
to within 1 ns. 

5. Parallel drive gates should be used when clocking 
repetition rates are high, or when high capacitance loads 
occur. The bandwidth of a MECL Iil gate may be extended 
_ by paralleling both halves of a dual gate. Approximately 
40 or 50 MHz bandwidth can be gained by paralleling two 
or three clock driver gates. 

6. Fanout limits should be applied to clock distribution 
drivers. Four to six loads should be the maximum load 
per driver for best high speed performance. Avoid large 
lumped loads at the end of lines greater than 3 inches. 

A lumped load, if used, should be four or fewer loads. 

_ 7. For wire-OR (emitter dotting), two-way lines (busses) 
are recommended. To produce such lines, both ends of 
a transmission line are terminated with 100-ohms imped- 
ance. This method should be used when wire-OR con- 
nections exceed 1 inch apart on a drive line. 
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B. Off-Card Clock Distribution 


1. The OR/NOR outputs of an MC1660 may be used to 
drive into twisted pair lines or into flat, fixed-impedance 
ribbon cable. At the far end of the twisted pair on MC1692 
differential line receiver is used. The line should be ter- 
minated as shown in Figure 25. This method not only 
provides high speed, board-to-board clock distribution, 

but also provides system noise margin advantages. Since 


_ the line receiver operates independently of the Vpp ref- 


erence voltage (differential inputs) the noise margin from 
board to board is also independent of temperature 
differentials. © 


LOGIC SHORTCUTS 


_ MECL circuitry offers several logic design conve- 
niences. Among these are: 

1. Wire-OR (can be produced by wiring MECL output 
emitters together outside packages). 

2. Complementary Logic Outputs (both OR and NOR 
are brought out to package pins in most cases). 

An example of the use of these two features to reduce 
gate and package count is shown in Figure 29. 

The connection shown saves several gate circuits over 
performing the same functions with non-ECL type logic. 
Also, the logic functions in Figure 29 are all accomplished 
with one gate propagation delay time for best system 
speed. Wire-ORing permits direct connections of MECL 
circuits to busses. (MECL System Design Handbook and 
Application Note AN-726). 

Propagation delay is increased approximately 50 ps per 
wire-OR connection. In general, wire-OR should be lim- 
ited to 6 MECL outputs to maintain a proper LOW logic 
level. The MC10123 is an exception to this rule because 
it has a special Vo, level that allows very high fanout on 
a bus or wire-OR line. The use of a single output pull- 
down resistor is recommended per wire-OR, to econo- 
mize on power dissipation. However, two pull-down 
resistors per wired-OR can improve fall times and be used 
for double termination of busses. 

Wire-OR should be done between gates in a package 
or nearby packages to avoid spikes due to line propa- 
gation delay. This does not apply to bus lines which acti- 
vate only one driver at a time. 


. FIGURE 29 — USE OF WIRE-OR AND 
_ COMPLEMENTARY OUTPUTS 


B+CD 









Rp 


C+Dt+Et+F+G 
Rp 
A+BtE+F+G 


MC10105 >Rp 


SYSTEM CONSIDERATIONS — A SUMMARY OF RECOMMENDATIONS 


Power Supply Regulation +5% (1) 10% (2) 10% (2) 
On-Card Temperature Gradient Less Than 25°C Less Than 25°C 


" 


Leave Open (3) Leave Open (3) Leave Open (3) 


Multilayer Standard 2-Sided or Multilayer 
Multilayer 


500 Ifpm Air 500 Ifpm Air 500 Ifpm Air 
Yes (Wire-OR) Yes (Wire-OR) Yes (Wire-OR) 


Limited By Cable Limited by Cable Limited by Cable 
Response Only, Response Only, Response Only, 
Usually Usually Usually 
> 1000’ >1000' >1000' 


The Ground Plane to Occupy Percent >75% >50% >75% 
Area of Card 


Wire Wrap may be used Not Recommended Yes Not Recommended 


(1) Ail dc and ac parameters guaranteed for Veg = —5.2 V + 5%. 
(2) At the devices (functional only). 
(3) Except special functions without input pull-down resistors. 










































Maximum Non-Transmission Line Length 
(No Damping Resistor) 


1” 








Unused Inputs 
PC Board 





















Cooling Requirements 





Bus Connection Capability 




















Maximum Twisted Pair Length 
(Differential Drive} 
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PACKAGE OUTLINE DIMENSIONS | 


A letter suffix to the MECL logic function part number is used to specify the package style (see drawings below). See 
appropriate selector guide for specific packaging available for a given device type. 7 


L SUFFIX 
L SUFFIX (LW SUFFIX 
CERAMIC FACNACE | CERAMIC PACKAGE FOR 
CASE 620-09 MC10H181 
3 CASE 623-05 SREY; 


Pagal MILLIMETERS | INCHES | 
| MIN | MAX | MIN | MAX | [INCHES _| 
A | 19.05 {| 19.81 | 0.750 | 0.780_| | MAX | MIN | NOTES: 


| B | 622 | 698 | 0.245 | 0.275 | 
1. DIM “L” TO CENTER OF 

LG Ams | sod tae. | 0200 LEADS WHEN FORMED 
PARALLEL. 

_ LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 


1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. PACKAGE INDEX: NOTCH IN LEAD NOTCH IN 
CERAMIC OR INK DOT. 

3, DIM “L” TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 


P SUFFIX 


L SUFFIX 
PLASTIC PACKAGE te we le A io oe 
CASE 626-04 CERAMIC PACKAGE 


CASE 632-08 


D 14PL 


+ | 0.25 0.010) ® 


1. LEAD POSITIONAL TOLERANCE: F MAX] 
| 0.13 (0.005) @| T| A@| B® 
2. DIMENSION L TO CENTER OF LEADS WHEN 
| 0.50_ | 
| 1.65 | 


|__ INCHES _| 
| MIN | MAX | Notes: 


1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 


[0.245 | 
Fane 0.200 | ; 2. CONTROLLING DIMENSION: INCH. 
3, PACKAGE CONTOUR OPTIONAL (ROUND OR 3. DIMENSION L TO CENTER OF LEAD WHEN 


SQUARE CORNERS). FORMED PARALLEL. 
4. DIMENSIONS A AND B ARE DATUMS. 4. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
5. DIMENSIONING AND TOLERANCING PER ANSI LEAD ENTERS THE CERAMIC BODY. 

Y14,5M, 1982. : ’ 


FORMED PARALLEL. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646-06 













gic 5 : 


PLANE 












































|] MILLIMETERS | INCHES | 
eae Cea tent WS 
an tT e@0 10.240 | 0.260 1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 
1369 | 469 1 0145 | 0.185 POSITION AT SEATING PLANE AT MAXIMUM 
ae aes ; MATERIAL CONDITION 
dD | 038 | 053 | 0.015 | 0.021 
Brit aga ee pea cere 2. DIMENSION “L” TO CENTER OF LEADS WHEN 
[Lt 
G | 254BSC 0.100BSC__| FORMED PARALLEL. 
ar ae al ae 3. DENSON B” DOES NOT INCLUDE MOLD 
FLASH. 
38 | 0.008 | 0.015 
, t 020 | nes aa ae 4. ROUNDED CORNERS OPTIONAL. 
i 
[4 | 762BSC 0.300 BSC 
mM | o | to | o 10° 
N {039 ; 1.01 | 0.015 | 0.039 

















P SUFFIX (PW SUFFIX 
PLASTIC PACKAGE FOR MC10H181 
CASE 649-03 ONLY) 




















hes Jacl 
lH | Ss 
A 

age A 


SEATING - 
PLANE 





| MILLIMETERS INCHES 




















NOTES: 

1. LEADS WITHIN 0 13 mm (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION, 

2. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 


























H 
J 
K 
L 
M 
N 
P 
Q 

















P SUFFIX 
PLASTIC PACKAGE 
CASE 648-08 



















































































Cc ies 
TTT | 
SEATING 
al PLANE i 
Tel). "rch alles 
D 16 PL 
4[0.25 (0.010) ® [tT] a @ 
MILLIMETERS | INCHES _| 
DIM | MIN | MAX | MIN | MAX 
[a | 1880 | 1955 10740 | 0.770 | NOTES: 
B 16351 eas | 0.260 | 0270 1. DIMENSIONING AND TOLERANCING PER 
Ie 4 369 | 444 10145 10.175 | ANSI Y14.5M, 1982. 
r bp | 039 | 053 | 0018 | 0021 | 2. CONTROLLING DIMENSION: INCH. 
[CF ToD 1a 1.0m) 10.070 3. DIMENSION “L” TO CENTER OF LEADS WHEN 
G T >A BSC T “0.100 BSC 4 FORMED PARALLEL. 
CH] 1.27 BSC 0.050 BSC 4, DIMENSION “B” DOES NOT INCLUDE MOLD 
J {|_021 | 038 | 0.008 | 001 FLASH 
1! + Mert aan Coat 1130 5. ROUNDED CORNERS OPTIONAL 
[ t | 750 | 7.74 | 0.295 {0305 |] 
|M_| 0° 1 _| 0 10° 
Ls | 051 | 1.01 | 0020 | 0.040 | 








F SUFFIX 
CERAMIC PACKAGE 
CASE 650-05 








SEATING 
cmeaaone pal os 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. DIMENSION “A” AND “B” ALLOW FOR LID 
MISALIGNMENT, AND GLASS MINISCUS. 


GW Rh 





> 


. DIMENSION “H" SHALL BE MEASURED AT THE 





POINT OF EXIT OF THE LEAD FROM THE BODY. 





o 


. LEAD NUMBER 1 IDENTIFIED BY TAB ON LEAD OR 





DOT ON COVER. 











fo7) 


. DIMENSION “J" INCLUDES SOLDER LEAD FINISH. 




















~ 


. LEAD NUMBERS SHOWN FOR REFERENCE ONLY. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


L SUFFIX 
CERAMIC PACKAGE 
_ CASE 693-02 


MILLIMETERS [| INCHES | 


NOTES: 

1, LEADS WITHIN 0.13 mm (0.005) RAD OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 


o 

— 

~J 

Qo 
oto 
RO 
ita) 
wmiS 


So 
= 
3s 
2 
72) 
oO 


| 0.045 | 0.065 | 
| 0.008 | 0.012 _| 
| 0.125 | 0.160 | 
| 0.290 | 0.310_| 
| | 15° | 
| 0.020 | 0.040 | 


0.040 


P SUFFIX 
PLASTIC PACKAGE 
CASE 724-03 


| 


NOTES: 
1. CHAMFERRED CONTOUR OPTIONAL. 
2. DIM “L" TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 
3, DIMENSIONS AND TOLERANCES PER ANSI 
Y14.5M, 1982. 
4. CONTROLLING DIMENSION: INCH. 
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P SUFFIX 
PLASTIC PACKAGE 
CASE 707-02 


NOTES: LO 

1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 726-04 


OPTIONAL LEAD 
CONAG. (1,9,10,18) 





oma {METERS [__ INCHES _| 
[MIN | MAX | MIN | 

TA | 22.35 | 23.11 | 0.880 | 0.910 | 

| 0.240 | 0.295 | 


NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25 mm 
(0.010) DIA. AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM “L” TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM “A” & “B” INCLUDES MENISCUS. 

4, “F DIMENSION IS FOR FULL LEADS. “HALF 
LEADS ARE OPTIONAL AT LEAD POSITIONS 1, 9, 
10, AND 18. 





PACKAGE OUTLINE DIMENSIONS (continued) 








L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 732-03 CASE 738-03 












J 20 PL 

























fae MILLIMETERS 
| MIN | MAX | MIN | MAX | 
| A_| 23.88 | 25.15 0.990 
| B | 660 | 7.49 | 0.260 | 0. NOTES: 
381 | 5.08 | 0. NOTES: 1. DIMENSIONING AND TOLERANCING PER ANS! 
eee 1. LEADS WITHIN 0.25 mm (0.010) DIA., TRUE Vid SM 1962. 
: : : POSITION AT SEATING PLANE, AT MAXIMUM 
| F | 0.055 | 0.065 | 2. CONTROLLING DIMENSION: INCH. 
MATERIAL CONDITION. 3, DIMENSION “L” TO CENTER OF LEAD WHEN 
2. DIM L TO.CENTER OF LEADS WHEN FORMED FORMED PARALLEL. 
PARALLEL. 4. DIMENSION “B” DOES NOT INCLUDE MOLD 
3. DIM A AND B INCLUDES MENISCUS. FLASH, 























L SUFFIX 
CERAMIC PACKAGE 
CASE 758-01 







D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751-03 





i. + | 0.25 (0.010) |B @] 








R X 45° 





=a =, emo {fhe 
D ae Lge ner F aa Le J 










































































| MILLIMETERS | INCHES | 

| MIN [| MAX | MIN | MAX | 
CE ereeereme ne ie 

0.157 1. DIMENSIONS “A” AND “B” ARE DATUMS AND 1, DIMENSION A IS DATUM. 

| ¢ | 135 | 1.75 | 0.054 | 0.068 | “T" 1S A DATUM SURFACE. 2. POSITIONAL TOLERANCE FOR LEADS: 24 PLACES 
| D | 035 | 049 | 0.014 2. DIMENSIONING AND TOLERANCING PER ANSI 
| F | 040 | 1.25 | 0.016 | 0.049 | Y14.5M, 1982. 3. [-T-] IS SEATING PLANE. 
| G@ | 127BSC | 0.050BSC__| 3. CONTROLLING DIM: MILLIMETER. 4. DIMENSION L TO CENTER OF LEADS WHEN 

| 0.18 | 0,25 | 0.007 | 0.009 | 4, DIMENSION “A” AND “B” DO NOT INCLUDE FORMED PARALLEL. 

| 010 | 0.25 | 0,004 | 0.009 | MOLD PROTRUSION. 5, DIMENSIONING AND TOLERANCING PER ANSI 

el ee 5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER Y145, 1973. 

| 5.80 | 6.20 | 0.229 | 0.244 | SIDE. 

| 0.25 | 0.50 | 0.010 | 0.019 | 
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NOTES: 
1. DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
B [4[0.18 (0007) ® [tT] nO-r@[LO-m@] A ae WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 
u [-4[0.18 (0.007) ® [tT] NO--@|LO-me] 2. DIM GI, TRUE POSTION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 
3. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 
4, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
5, CONTROLLING DIMENSION: INCH. 














G1 


OMG] | gy [MMEMETERS | INCHES 
A} ait 10.03 | 0.385 
978 | 10.03 | 0.385 
v4 (4 0.18 (0.007) ® [| LO-m @[NO@-PO] rc | 420 | 457 | 0.165 | 
0.18 (0.007) ®@ |t| NOP@|L@-m | 0.110 
{ ; 0.33 | 048 | 0.013 


0.050 BSC 
K1 
0.026 | 0.032_| 





VIEW D-D 


















































E 
F [a] 0.10 10.004) ~— 
L SEATING PLANE 4 L F een (0.007) othe @|NO- 8 
oy +] 0 T 


.18 (0.007) @ NO-P@|L@-MO@ 





DETAIL S DETAIL S 














FN SUFFIX 
PLASTIC PACKAGE 
CASE 775-02 











NOTES: 
1. DUE TO SPACE LIMITATION, CASE 
776-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
+] 0.18 (0.007) ® i IN ©? 6] LO-M @| DRAWING RATHER THAN SHOWING 
ALL 28 LEADS. 
—-U +] 0.18 (0.007) ® | al N@-P @| LO-mM © . DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
oe BODY AT MOLD PARTING LINE. 
. DIM G1, TRUE POSITION TO BE MEASURED AT 
_ ACTUAL DATUM -T-, SEATING PLANE. 
: . DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
1S 0.25 (0.010) PER SIDE. 
. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
. CONTROLLING DIMENSION: INCH. 





























G1 


HX 4025 0.010) ® [tT] NO-PO]LO-me@| 
410.18 0.007 ® [7] L@-m @| NO-rO VIEW D-D 












































G +/ 0.18 (0.007) ® |T} LOMO! N@-P® MILLIMETERS 
0.18 (0.007) ® |T} tL @-M@] NO-P© H an | 
+! ia ETE teanen® a N@-PO|LO-MO® MAX 


ial 


! K1 d 12.57 
am «OT 


fo 
| -T- } searine PLANE a] Rhee 4] 0.18 (0.007) ® [t] L©mu@|nO@-r@ 


40.18 (0.007) @ |T} N@-PO}L@-MO® 
































-- DETAIL S ; DETAIL S 


[SMG] no-r0) 








FN SUFFIX 
PLASTIC PACKAGE 
CASE 776-02 
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MECL Logic Surface Mount 


WHY SURFACE MOUNT? 


Surface Mount Technology is now being utilized to 
offer answers to many problems that have been created 
in the use of insertion technology. 

Limitations have been reached with insertion packages 
and PC board technology. Surface Mount Technology 
offers the opportunity to continue to advance the State- 
of-the-Art designs that cannot be accomplished with 
Insertion Technology. 

Surface Mount Packages allow more optimum device 
performance with the smaller Surface Mount configu- 
ration. Internal lead lengths, parasitic capacitance and 
inductance that placed limitations on chip performance 
have been reduced. 

The lower profile of Surface Mount Packages allows 
more boards to be utilized in a given amount of space. 
They are stacked closer together and utilize less total 
volume than insertion populated PC boards. 

Printed circuit costs are lowered with the reduction of 
the number of board layers required. The elimination or 
reduction of the number of plated through holes in the 
board, contribute significantly to lower PC board prices. 

Surface Mount assembly does not require the prepa- 
ration of components that are common on insertion tech- 
nology lines. Surface Mount components are sent 
directly to the assembly line, eliminating an intermediate 
step. 

Automatic placement equipment is available that can 
place Surface Mount components at the rate of a few 
thousand per hour to hundreds of thousands of com- 
ponents per hour. 

Surface Mount Technology is cost effective, allowing 
the manufacturer the opportunity to produce smaller 
units and offer increased functions with the same size 
product. 


MECL AVAILABILITY IN SURFACE MOUNT 


Motorola is now offering MECL 10K and MECL 10KH 
in the PLCC (Plastic Leaded Chip Carrier) packages. 

MECL in PLCC may be ordered in conventional plastic 
rails or on Tape and Reel. Refer to the Tape and Reel 
section for ordering details. 


TAPE AND REEL 


Motorola has now added the convenience of Tape and 
Reel packaging for our growing family of standard Inte- 
grated Circuit products. The packaging fully conforms to 


the latest EIA RS-481A specification. The antistatic 
embossed tape provides a secure cavity sealed with a 
peel-back cover tape. 


GENERAL INFORMATION 


® Reel Size 13 inch (330 mm) Suffix: R2 
@ Tape Width 16mm 
@ Units/Reel 1000 


MECHANICAL POLARIZATION 


Typical 


View from 
tape side 





Linear direction of travel 


ORDERING INFORMATION 


@ Minimum Lot Size/Device Type = 3000 Pieces. 

@ No Partial Reel Counts Available. 

@ To order devices which are to be delivered in Tape 
and Reel, add the appropriate suffix to the device 
number being ordered. 


EXAMPLE: 

ORDERING CODE SHIPMENT METHOD 
MC10100FN Magazines (Rails) 
MC10100FNR2 13 inch Tape and Reel 
MC10H100FN Magazines (Rails) 
MC10H100FNR2 13 inch Tape and Reel 
MC12015D Magazines (Rails) 
MC12015DR2 13 inch Tape and Reel 


DUAL-IN-LINE PACKAGE TO 
PLCC PIN CONVERSION DATA 


The following tables give the equivalent I/O pinouts of 
Dual-in-Line (DIL) packages and Plastic Leaded Chip Car- 
rier (PLCC) packages. 


Conversion Tables 


16 PIN DIL 1)}2}3)/4/5]6] 7] 8] 9 |10}11}12/13]14/15}16 
20 PIN PLCC | 2}3|4/5} 7 | 8] 9 |10} 12/13) 14| 15/17/18) 19/20 


20 PIN DIL 142)3)4)5)6) 7) 8) 9 |10)11) 12) 13} 14) 15) 16) 17) 18) 19)20 
20 PIN PLCC |} 1/2}3/4/5]6] 7] 8] 9 |10/}11)12; 13/14] 15/16] 17/18] 19/20 


24 PIN DIL 


11213141516) 7) 8) 9 |10)11)12) 13) 14) 15) 16) 17) 18}19)20)21|22;23)24 


28 PIN PLCC | 2]3| 4/5} 6} 7 | 9 |10/11]12)/ 13) 14] 16117] 18] 19}20)21|23)24)25)/26/27/28 








SUPPLEMENTARY LITERATURE 


HB205 — ‘‘MECL System Design Handbook,” by Bill 


Blood, Motorola Inc. 


APPLICATION NOTES 


Copies of these Application Notes and Engineering Bulletins can be obtained from your Motorola representative or 


AN270 
AN535 
AN556 


AN567 
AN701 


AN720 


authorized distributor, or from Technical Information Center, Motorola Semiconductor Products Inc., 


~ . P.O. Box 20912, Phoenix, Arizona 85036. 


Nanosecond Pulse Handling Techniques 
Phase-Locked Loop Design Fundamentals 
Interconnection Techniques for Motorola’s 
MECL 10K Series Emitter Coupled Logic 
MECL Positive and Negative Logic 
Understanding MECL 10K DC and AC Data 
Sheet Specifications 

Interfacing with MECL 10K Integrated Circuits 
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AN726 
AN730A - 


AN827 


EB48 


Bussing with MECL 10K Integrated Circuits 

A High-Speed FIFO Memory Using the MECL 
MCM10143 Register File | 

Technique of Direct Programming Using Two- 
Modulus Prescaler’ | 

A Time Base and Control Logic Subsystem for 


High Frequency, High Resolution Counters 


MECL 10KH 


Selector Guide| DataSets | 





MECL 10KH 
INTEGRATED CIRCUITS 


MC10H100 Series 
0 to 75°C. 


Function Selection — (0 to + 75°C) 


ee ee 





NOR Gate Data Selector Multiplexer 

Quad 2-Input with Strobe MC10H100 | 620, 648, 775 Quad Bus Driver/Receiver with 2-to-1 . | 
Quad 2-Input MC10H102 | 620, 648, 775 Output Multiplexers MC10H330 | 758, 724, 776 
Triple 4-3-3 Input MC10H106 | 620, 648, 775 Dual Bus Driver/Receiver with 4-to-1 

Dual 3-Input 3-Output | MC10H211 | 620, 648, 775 * Output Multiplexers “| MC10H332 | 732, 738, 775 

| Quad 2-Input Multiplexers : 

ose : . (Noninverting) MC10H158 -| 620, 648, 775 
Quad 2-Input MC10H103 | 620, 648, 775 | Quad 2-Input Multiplexers (Inverting) MC10H159 | 620, 648, 775 
Dual 3-Input 3-Output MC10H210 | 620, 648, 775 '8-Line Multiplexer —- MC10H164 | 620, 648, 775 


AND Gates Quad 2-Input Multiplexer Latch — MC10H173 | 620, 648, 775 


Dual 4-1 Multiplexer MC10H174 | 620, 648, 775 
Quad AND : MC10H104 | 620, 648, 775 


Counters 
Complex Gates : : 

Universal Hexadecimal MC10H136 | 620, 648, 775 
Quad OR/NOR MC10H101 | 620, 648, 775 Binary Counter MC10H016 | 620, 648, 775 
Triple 2-3-2 Input OR/NOR MC10H105 | 620, 648, 775 : - - 
Triple Exclusive OR/NOR MC10H107 | 620, 648, 775 Arithmetic Functions 


Dual 4-5 Input OR/NOR MC10H109 | 620, 648, 775 Look Ahead Carry Block MC10H179 | 620, 648, 775 


Quad Exclusive OR MC10H113 | 620, 648, 775 Dual High Speed Adder/Subtractor MC10H180 | 620, 648, 775 
Dual 2;Wide OR-AND/OR-AND INVERT MC10H117 | 620, 648, 775 4-Bit ALU MC10H181 623, 649 


Dual 2-Wide 3-Input OR/AND MC10H118 | 620, 648, 775 724, 758, 776 
4-Wido 4-3-3-3 Input OR-AND MC10H119 | 620, 648, 775 
4-Wide OR-AND/OR-AND INVERT MC10H121 | 620, 648, 775 
Hex Buffer w/Enable MC10H188 | 620, 648, 775 4-Bit Universal Shift Register MC10H141 | 620, 648, 775 
Hex Inverter w/Enable MC10H189 | 620, 648, 775 16 x 4 Bit Register File MC10H145 | 620, 648, 775 
Translators Bs 5-Bit Magnitude Comparator MC10H166 | 620, 648, 775 
Quad Bus Driver/Receiver with 

Transmit and Receiver Latches MC10H334 | 732, 738, 775 











Special Function 





Quad TTL to MECL MC10H124 | 620, 648, 775 
Quad MECL to TTL MC10H125 | 620, 648, 775 : 
Quad MECL-to-TTL Transtator, Single Memories 

Power Supply (—5.2 V or +5.0 V) MC10H350 | 620, 648, 775 16 x 4 Bit Register File MC10H145 | 620, 648, 775 
Quad TTL/NMOS to MECL Translator MC10H351 | 620, 648, 775 8 x 2 Bit Content Addressable Memory MC10H155 707, 726 


Quad CMOS to MECL Translator MC10H352 | 620, 648, 775 Bus Driver (25 ohm outputs) 


Quad TTL to MECL, ECL Strobe MC10H424 | 620, 648, 775 
Receivers Triple 4-3-3 Input Bus Driver (25 Ohms) | MC10H123 | 620, 648, 775 
Quad Bus Driver/Receiver with 2-to-1 

Quad Line Receiver MC10H115 | 620, 648, 775 ' Output Multiplexers MC10H330 | 724, 758, 776 
Triple Line Receiver MC10H116 { 620, 648, 775 Dual Bus Driver/Receiver with 4-to-1 

Be Output Multiplexers MC10H332 | 732, 738, 775 
Pulp rrop. Latates . Quad Bus Driver/Receiver with 

Transmit and Receiver Latches MC10H334 | 732, 738, 775 


Triple 3-Input Bus Driver with Enable 
(25 Ohm) MC10H423 | 620, 648, 775 





Dua! D Master Slave Flip-Flop MC10H131 | 620, 648, 775 
Dual J-K Master Slave Flip-Flop MC10H135 | 620, 648, 775 
Hex D Flip-Flop MC10H176 | 620, 648, 775 
Dual D Latch MC10H130 | 620, 648, 775 
Quint Latch MC10H175 | 620, 648, 775 OR/NOR Gate 


Hex D Flip-Flop w/Common Reset MC10H186 } 620, 648, 775 Dual 4-5 Input OR/NOR Gate MC10H209 | 620, 648, 775 


Parity Checker EXCLUSIVE OR GATES 


12-Bit Parity Generator/Checker MC10H160 j 620, 648, 775 - | Dual 4-Bit Parity Checker plus 


Encodave Decoders 2-Bit Exclusive OR Gate MC10H301 | 620, 648, 775 





Dual 6-4 Input Parity Checker MC10H302 | 620, 648, 775 
Dual 5-Bit Parity Checker MC10H303 } 620, 648, 775 
8-Bit/Dual 4-Bit Parity Checker MC10H304 | 620, 648, 775 


Binary to 1-8 (Low) MC10H161 | 620, 648, 775 
Binary to 1-8 (High) MC10H162 | 620, 648, 775 





Dual Binary to 1-4 (Low) MC10H171 | 620, 648, 775 
Dual Binary to 1-4 (High) MC10H172 | 620, 648, 775 
8-Input Priority Encoder MC10H165 | 620, 648, 775 





MECL 10KH INTRODUCTION 


Motorola’s new MECL 10KH family features 100% im- 
provement in propagation delay and clock speeds while 
maintaining power supply current equal to MECL 10K. 
This new MECL family is voltage compensated which 
allows guaranteed dc and switching parameters over a 
+5% power supply range. Noise margins of MECL 10KH 
are 75% better than the MECL 10K series over the +5% 
power supply range. MECL 10KH is compatible with 
MECL 10K and MECL Ill, a key element in allowing users 
to enhance existing systems by increasing the speed in 
critical timing areas. Also, many MECL 10KH devices are 
pinout/functional duplications of the MECL 10K series 
devices. 


FIGURE 1 — MECL 10K versus MECL 10KH GATE DESIGN 





The schematics in Figure 1 compare the basic gate 
structure of the MECL 10KH to that of MECL 10K devices. 
The gate switch current is established with a current 
source in the MECL 10KH family as compared to a resistor 
source in MECL 10K. The bias generator in the MECL 10K 
device has been replaced with a voltage regulator in the 
MECL 10KH series. The advantages of these design 
changes are: current-sources permit-matched collector 
resistors that yield correspondingly better matched de- 
lays, less variation in the output-voltage level with power 
supply changes, and matched output-tracking rates with 
temperature. These circuit changes increase complexity 
at the gate level; however, the added performance more 
than compensates. 





The MECL 10KH family is being fabricated using 
Motorola’s MOSAIC | (Motorola Oxide Self Aligned Im- 
planted Circuits). The switching transistor’s geometries 
obtained in the MOSAIC | process show a two-fold im-_ 
provement in fr, a reduction of more than 50% in parasitic 
capacitance and a decrease in device area of almost 76%. 


FIGURE 2 — MOSAIC versus MECL 10K SWITCHING 
TRANSISTOR GEOMETRY 


With improved geometry, the MECL 10KH switching transis- 
tors (left) are one-seventh the size of the older MECL 10K tran- 
sistors (right). Along with the smaller area comes an improved 
fy and reduced parasitic capacitances. 


MECL 10KH 


MECL 10K 


3.35 (85 p) ee 


EMITTER 0.15 x 0.8 MILS 
(4 x 20 p) 

DEVICE AREA = 6.7 MIL2 

(4323 2) 


EMITTER 3p x 8p 


DEVICE AREA = 592 u2 


ff = 3.5 GHz fr = 1.6 GHz 

Ccg = 0.16 pF Ccp = 0.46 pF 
CER = 0.07 pF Cegp = 0.18 pF 
Cos = 0.18 pF Ccs = 0.83 pF 


Figure 2 illustrates the relative size difference between 
the junction isolated transistor of MECL 10K and the 
MOSAIC | transistor of MECL 10KH. This suggests that 
performance could be improved twofold at lower power 
levels. However, at the gate level, the power of the output 
transistor cannot be reduced without sacrificing output 
characteristics because of the 50 ohm drive requirements 
of MECL. In more complex functions, where part of the 
delay is associated with internal gates, MECL 10KH de- 
vices use less power than the equivalent MECL 10K de- 
vices and provide an even more significant improvement 
in ac performance. 


Table 1. — TYPICAL FAMILY CHARACTERISTICS FOR 10K 
AND 10KH CIRCUITS 


Propagation delay (ns) 
Power (mW) 
Power-speed product (pJ) 
Rise/fall times (ns) 
(20-80%) 
Temperature range (°C) —30to +85 | Oto +75 
Voltage regulated No Yes 
Technology Junction Oxide 
isolated isolated 


VEE = —-5.2V 











Supply & Temperature Variation 


‘MECL 10KH temperature and voltage compensation is 
designed to guarantee compatibility with MECL 10K, 


MECL III, MECL Memories and the MC10900 and Macro- . 


cell Array products. Table 1 summarizes some perfor- 
mance characteristics of the MECL 10K and 10KH logic 
families in a 16-pin DIP. The MECL 10KH devices offer 
typical propagation delays of 1.0 ns at 25 mW per gate 
when operated from a Veg of —5.2 V. The resulting 
speed-power product of 25 picojoules is the best of any 
ECL logic family available today. - 

The operating. temperature range is changed from 
— 30°C to + 85°C of the MECL 10K family to the narrower 
range of 0°C to 75°C for MECL 10KH. This change matches 
the constraints established by the memory. and array 
products. Operation at —30°C would require compro- 
mises in performance and power. With few exceptions, 
commercial applications are satisfied by 0°C min. 


Table 2. — MECL 10KH AC SPECIFICATIONS AND TRACKING 








VEE = -5.2V +5% 


Propagation | Deiay variation | Delay variation 
Parameter | delay (ns}* | vs temp (ps/°C)|vs supply (ps/V) 
Typ Max. Typ Niax Typ Max 
tpp 2.0 2.9 | 2.0 7.0 80 
10KH| 1.0 15 | 05 40] 0 0 | 


*VEE = —5.2 V, Temp = 25°C 








AC specifications of MECL 10KH products appear in 
Table 2. In the MECL 10KH family, all ac specifications 
have guaranteed minimums and maximums for ex- 
tremes of both temperature and supply — a first in ECL 
logic. In addition, flip flops, latches and counters will have 
guaranteed limits for setup time, hold time, and clock 
pulse width. The limits in Table 2 are guaranteed for a 
power supply variation of +5%. MECL 10K typically has 
a propagation delay (tpp) variation of 80 ps/V with no 
guaranteed maximum. The typical variation in tpp for 
MECL 10KH circuits is only 38 ps typically over the entire 
specified temperature range and power-supply tolerance, 
and is guaranteed not to exceed 300 ps. 

The improved performance in temperature over MECL 
10K are a result of the internal voltage regulator. The 
primary difference being the flatter tracking rate of the 
output “0” level voltage (Vo ). This difference does not 
affect the compatibility with existing MECL families. 

Changes in output “1” level voltages (Vo}4) with supply 
variations are 10 mV/V less for the MECL 10KH family. 
VOH varies with the supply, primarily because of changes 
in chip temperature caused by the changes in power dis- 
sipation. However, the current in the MECL 10KH circuits 
_ remains almost constant with supply changes, since the 
circuits are voltage compensated and use current sources 
for all internal emitter followers. Threshold voltage (Vgp) 


Table 3. — LOGIC LEVEL DC TRACKING RATE FOR 10K AND 
10KH CIRCUITS 


~ AVpp/AT 
(mV/°C) 


AVoL/AT 
(mV/C) 


AVOH/AVEE 
~ (mV/V) 


AVpp/AVEE 
(mV/V) 


AVoL/AVEE 
(mV/V) 





and output “0” level voltage (Vo,) variations are shown 
with respect to MECL 10K in Table 3. In both cases voltage 
compensation has reduced the variations significantly. 


Noise Margin Considerations 


Specification of input voltage levels (Viwa, Vi_A) are 
changed from those of MECL 10K resulting in improved 
noise margins for MECL 10KH. 

The MECL 10K circuits have two sets of output voltage 
specifications (VoH, VOHA and VoL, VOLA). The first 
output voltage specification in each set (VoH and Vo_) 


are guaranteed maximum and minimum output levels 
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for typical input levels. The second specification in each 
set (VOHA and Voc; A) is the guaranteed worst-case out- 
put level for input threshold voltages. System analysis 
for worst-case noise margin considers VoH,A and Vo_A 
only. The MECL 10KH family has only one set of output 
voltages (Voy and Vo,) with minimum and maximum 
values specified. The minimum value of Voy and the 
maximum value for Voy of the MECL 10KH family is 
synonomous with the VoHa and Voi, specifications of 
MECL 10K family. 


The Voy values for the MECL 10KH circuits are equal 


to or better than the MECL 10K levels at all temperatures. 


Input threshold voltages (VjyHA and Via, which are syn- 
onymous with ViH min and VIL max for 10KH) are also 
improved and guaranteed Vi}jAa has been decreased by 
25 mV over the entire operating temperature range, re- 
sulting in a “1” level noise margin of 150 mV (compared to 


Table 4. — NOISE MARGIN versus 
/ __--: POWER-SUPPLY CONDITIONS 


, VEE VEE VEE 

10% | -5% VEE +5% 
Parameter Typ Min | Typ Min | Typ Min | Typ Min 
‘Noise Margin |10KH | 224 150 | 227 150 | 230 150 | 233 150 

High “ 
VNH (mV) 10K 127 47.1166 86 | 205 125 | 241 164. 
Noise Margin |10KH | 264 150 | 267. 150 270 150 | 273 150 

Low 

VL (mV) 10K | 223 103 | 249 129 | 275 155 | 301 181 


*Temp = 0 to 75°C 


125 mV for the MECL 10K circuits). Vi, a has been de- 
creased by 5.0 mV, providing a “0” level noise margin 
equal to the “1” level noise margin. The Vo, minimum 
of the MECL 10KH is more negative than for MECL 10K 
(— 1950 mV instead of — 1850 mV). The Vo, level for the 
MECL 10K family was selected to ensure that the gate 
would not saturate at high temperatures and high supply 
voltages. The reduction in operating temperature range 
for the MECL 10KH family and the improvement in track- 
ing rate allow the lower Vo, level. The change in this 
level does not affect system noise margins. Although 
some of the interface levels change with temperature, 
the changes in voltage levels are well within the tolerance 
ranges that would keep the families compatible. Table 4 
lists some noise margins for Veg supply variations. 

The compatibility of MECL 10KH with MECL 10K may 
be demonstrated by applying the tracking rates in Table 
3 to the dc specifications. The method for determining 
compatibility is to show acceptable noise margins for 
MECL 10KH, MECL 10K and mixed MECL 10K/MECL 10KH 
systems. The asssumption is that the families are com- 
patible if the noise margin for a mixed system is equal 
to or better than the same system using only the MECL 
10K series. 


Using an all MECL 10K system as a reference, three 
possible logic mixes must be considered: MECL 10K driv- 
ing MECL 10KH; MECL 10KH driving MECL 10K; and 
MECL 10KH driving MECL 10KH. The system noise mar- 
gin for the three configurations can now be calculated 
for the following cases (See Figure 3): 

In Case 1, the system uses multiple power Supbliee: 
each independently voltage regulated to some percent- 
age tolerance. Worst-case is where one device is at the 
plus extreme and the other device is at the minus extreme 
of the supply tolerance. 

In Case 2, a system operates on a single supply or 
several supplies slaved to a master supply. The entire 
system can drift, but all devices are at the same supply 
voltage. 

In Case 3, a system has excessive supply drops 
throughout. Supply gradients are due to resistive drops 
in Veg bus. 


The analysis indicates that the noise margins for a . 


MECL 10K/10KH system equal or exceed the margins for 
an all 10K system for supply tolerance up to +5%. The 
results of the analysis are shown in Figure 3. 


FIGURE 3 — NOISE MARGIN versus POWER-SUPPLY VARIATION 


Case 1 Case 2 


> 
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0 0.1 0.20.3 0.4 0.5 0.60.7 0.8 0.9 1.0 
ABSOLUTE VALUE OF Veg GRADIENT — V 


Vee REGULATION RELATIVE TO —5.2 V — 


Case 3 


WORST CASE 
VNH OR VL — MV 


~10 -2 -4 -6 -8 ~10 
Veg GRADIENT RELATIVE TO —5.2 V— 





A. MECL 10K DRIVING MECL 10K B. MECL 10K DRIVING MECL 10KH C. MECL 10KH DRIVING MECL 10K D. MECL 10KH DRIVING MECL10KH 








(A) MoTOROLA = =——s_—CséMC1OHOLG 


4-BIT BINARY COUNTER 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


The MC10H016 is a high-speed synchronous, presettable, cas- 
cadable 4-bit binary counter. It is useful for a large number of 
conversion, counting and digital integration applications. 


e Counting Frequency, 200 MHz Minimum 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
CASE 775 


DIP 
PIN ASSIGNMENT 


@ improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
@ MECL 10K-Compatible 
e@ Positive Edge Triggered 


oe 





MAXIMUM RATINGS 
ieee 
5 a 


Operating Temperature Range Oto +75 


Storage Temperature Range — Plastic Tstg -55 to +150 
— Ceramic -55 to +165 


ELECTRICAL CHARACTERISTICS eae —§.2 V +5%) (See Note) 


Characteristic Ta une 
Power Supply Current 1] ma 


Input Current High i 
All Except MR 






























Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 









Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


265 
700 


AC PARAMETERS 


Propagation Delay 
Clock to Q 
Clock to TC 
MR to QO 


Load Parallel (P, to Qy) 
Load Parallel (P, to Qn) 
Count 

Hold 

Masters Respond; 
Slaves Hold 


Set-up Time 
Py, to Clock 
CE or PE to Clock 


Reset (OQ, = LOW, 
Tc = HIGH) 


Z= Clock Pulse (Low to High); ZZ = Clock Pulse (High to Low) 


Hold Time 
Clock to Py 
Clock to CE or PE 


Features include assertion inputs and outputs on each 
of the four master/slave counting flip-flops. Terminal 
count is generated internally in a manner that allows 
synchronous loading at nearly the speed of the basic 
counter. 





Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in atest socket or mounted ona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 
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L-¢ 


Clock 


4-BIT BINARY COUNTER LOGIC DIAGRAM 









































































































1/2 10H109 








Note that this diagram is provided for understanding of logic operation only. It should not be used for evaluation of 
propagation delays as many gate functions are achieved internally without incurring a full gate delay. 


+ N Counter 1— 165 


MC10H016 Cascaded for 5 Stage Presettable Counter 
Max freq. is only OR gate delay below max wren 22.7*'ng alone. 





9LOHOLOIN 


(AA) MOTOROLA | MC10H100 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


QUAD 2-INPUT NOR GATE WITH STROBE 


The MC10H100 is a quad NOR gate. Each gate has 3 inputs, two 
of which are independent and one of which is tied common to P SUFFIX 
all four gates. PLASTIC PACKAGE 


Propagation Delay, 1.0 ns Typical CASE 648 
25 mW Typ/Gate (No Load) 


: | FN SUFFIX 
Improved Noise Margin 150 mV (Over Operating Voltage and il PLCC 
Temperature Range) 204 : CASE 775 


Voltage Compensated 
MECL 10K-Compatible 





LOGIC DIAGRAM 





MAXIMUM RATINGS 









‘Characteristic 









Power Supply (Vcc = 0) 






Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 





-55 to +150 
-55 to +165 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 


2=4+5+9 


Veci1 = Pin 
Vcc2 = Pin 16 
Input Current High Vege = Pin8 
Pin9 

All Other Inputs 


[input Current tow | tine | 08 
Ptom input vottage | vy, _|-198] ~148] ~1.95| —1.48]— 1.95] — 1.45] vee 
Pin 9 Only 


0.65 1.6 0.7 1.7 0.7 1.8 
Exclude Pin 9 0.4 1.3 0.45 | 1.35 0.5 1.5 


Paietime |g fos Pao [os [as fos [aa 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
_ the test table, after thermal equilibrium hasbeen established. The circuitis ina test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is main- gf | Common 
, tained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. Input 


(A, B, C, D) 













DIP 
PIN ASSIGNMENT 


AC PARAMETERS 






Propagation Delay 








Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





(AA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


QUAD OR/NOR GATE 


The MC10H101 is a quad 2-input OR/NOR gate with one input 
from each gate common to pin 12. This MECL 10KH part is a 
functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. 


Propagation Delay, 1.0 ns Typical 
Power Dissipation 25 mW/Gate (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


Voltage Compensated 


MECL 10K-Compatible 
LOGIC DIAGRAM 





MAXIMUM RATINGS 


Input Voltage (Vcc = 0) V\ 0 to Veg Vdc 
m 
TA 


v | Vde | 
Output Current — Continuous lout 50 
— Surge 100 


d 
d 
A 
[operating Temperature Range ‘| tap ew | 
°C 
°C 


Storage Temperature Range — Plastic Tstg -—55 to 150 
— Ceramic —55 to 165 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) (See Note) 


Symbol 


Pax 
Power Sumy Curent] ig _| — | 28 | : 
02 












Vcci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 
















DIP 
PIN ASSIGNMENT 









ee 
Propagation Delay tod 
Pin 12 Only ae 
: 6 
3 


AC PARAMETERS 
“lelales els} el” 
0.5 1.6 0.5 1.6 0.5 1 
Exclude Pin 12 0.5 1.45 0.5 1.5 0.5 1 
f 


|_Min | Max | Min | 
i ee ered 
poe el ee a 
(Pin 12 only) 850 535 
: 
| = 0.92 
Ear . 




















NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in atest socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to ~2.0 volts. 








Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(M\) MOTOROLA 


QUAD 2-INPUT NOR GATE 


The MC10H102 is a quad 2-input NOR gate. The MC10H102 
provides one gate with OR/NOR outputs. This MECL 10KH part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no: 
increases in power-supply current. 


Propagation Delay, 1.0 ns Typical 
Power Dissipation 25 mW/Gate (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) | 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS - | : 
P=80%00 | vac | 
Pot Ver | Vado 
[im | 


 Mde 

Vde 

mA 

—55 to 165 °C 


| 29 | ma | 





ise 
Freee es 
Vdc 
rel Se ole 
~1.95 1.95 | — 1.48 





Propagation Delay 


Rise Time 





Fall Time : 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 





MC10H102 — 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 6 


1 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


Vcci1 = Pin1 
Vcc2 = Pin 16 
VEE = Pin8 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





(AA) MOTOROLA | _MC10H103 







L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


QUAD 2-INPUT OR GATE 


The MC10H103 is a quad 2-input OR gate. The MC10H103 pro- 
vides one gate with OR/NOR outputs. This MECL 10KH part is a 
functional/pinout duplication of the standard MECL 10K family 















P SUFFIX 


part, with 100% improvement in propagation delay, and no fea es cec 


increases in power-supply current. 
@ Propagation Delay, 1.0 ns Typical 


@ Power Dissipation 25 mW/Gate (same as MECL 10K) sll FN SUEPIX 
@ Improved Noise Margin 150 mV (Over Operating Voltage and 20; CASE 775 


Temperature Range) 
e@ Voltage Compensated 


@ MECL 10K-Compatible 
LOGIC DIAGRAM 


ns 
MAXIMUM RATINGS 7 “a 
10 


Power Supply (Vcc = 0) EE Vv 
| V 
se ik 
ee 
A 








v Eee a 
Input Voltage (Vcc = O) Vv O to VEE | Vde | 
T Vcc1 = Pin 1 


vee E 
4 a 
Output Current — Continuous mA 
— Surge 

Vcc2 = Pin 16 
Veg = Pin8 


Storage Temperature Range — Plastic Tstg -55 to +150 
— Ceramic -55 to +165 





DIP 
PIN ASSIGNMENT 


co 
re] 
© 





NOTE: 

Each MECL 10 KH series circuit has been designed to meet the dc specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test Pin assignment is for Dual-in-line Package. 
socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm For PLCC pin assignment, see tables on page 1-31. 





is maintained. Outputs are terminated through a 50 ohm resistor to -2.0 volts. 
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(AA) MOTOROLA > -|  MC10H104 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


QUAD 2-INPUT AND GATE 


_. The MC10H104 is a quad 2-input AND gate. One of the gates 
has both AND/NAND outputs available. This MECL 10KH part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


@ Propagation Delay, 1.0 ns Typical 
e@ Power Dissipation 25 mW/Gate (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
- Temperature Range) 





e Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 
_Characteristic 
0) 

















Power Supply (Vcc > 





Input Voltage (Vcc = 


Output Current — Continuous 
— Surge 


_Operating Temperature Range Vcci = Pin 1 
Storage Temperature Range — Plastic —55 to 150 Vcc2 = Pin 16 
— Ceramic © —55 to 165 


VEE = Pin8 





DIP 
PIN ASSIGNMENT 





Power Supply Current 
Input Current High 









Input Current Low 


Low Output Voltage — 1.63 | — 1.95] — 1.63 | —1.95| —1.60 | Vdc | 


Propagation Delay t 
t 
Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpmis 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 











od 
r 
tho 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(AA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


TRIPLE 2-3-2-INPUT OR/NOR GATE 


The MC10H105 is a tripie 2-3-2-input OR/NOR gate. This MECL 
10KH part is a functional/pinout duplication of the standard MECL 
10K family part, with 100% improvement in propagation delay, 
and no increases in power-supply current. 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 18 


1 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


Propagation Delay, 1.0 ns Typical 
Power Dissipation 25 mW/Gate (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 


Characteristic Symbol | Rating —_| 
VI 0 to VEE 
TA 


Input Voltage (Vcc = 0) 


Output Current — Continuous lout 50 
— Surge 100 


Operating Temperature Range ee eee 


Storage Temperature Range — Plastic Tstg ~55 to 150 
— Ceramic —55 to 165 


ELECTRICAL CHARACTERISTICS (Vege = —5.2 V +5%) (See Note) 


Characteristic Symbol —— 


Vec1 = Pin 
Vcc2 = Pin 16 
VEE = Pin8 





DIP 
PIN ASSIGNMENT 







_Min | 
Power Supply Current | te | — | —_s 
Input Current High | | 
05 | 


Min | Max | Min | Max_ 

: mie 

of | — | os | — | ee] — | 
Input Current Low tine | 05 | — | 0.5 Sik ses 
High Output Voltage Vde 
Low Output Voltage Vdc 
High Input Voltage Vdc 

VI 


L : 
r 
f 






AC PARAMETERS 


Propagation Delay 


Rise Time 











t 
Fall Time t 
NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is ina test socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 








(M\) MOTOROLA 


TRIPLE 4-3-3 INPUT NOR GATE 


The MC10H106 is a triple 4-3-3 input NOR gate. This 10KH part 
is a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay and no 
increase in power-supply current. 


@ Propagation Delay, 1.0 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


Symbol Rating 
| 


Characteristic 
Power Supply (Vcc = 0) 


Output Current — Continuous lout 50 mA 
— Surge 100 
-55to +150] °C 
—55 to +165 °C 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%) (See Note) 


a 
Characteristic emt | Max | Min | 


in 
Pos — 


Storage Temperature Range — Plastic 
— Ceramic 
















S 
> 


Ee 


i 3 
Input Current Low | tint _| 0.5 ae 2 ee 0.3 
High Input Voltage Vdc 


NOTE — 


Each MECL 10KH series circuit has been designed to meet the de specifications shown 
in the test table, after thermal equilibrium has been established. The circuit is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 
lIfpm is maintained. Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 










AC PARAMETERS 










Rise Time 


Fall Time 


Propagation Delay 


2-14 








-MC10H106 — 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


1 


FN SUFFIX 
PLCC 
20, _ CASE 775 


LOGIC DIAGRAM 


Vcc1 = Pin1 
Vcc2 = Pin 16 
Vege = Pin8 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





(AA) MOTOROLA 


TRIPLE 2-INPUT EXCLUSIVE 
“OR” /EXCLUSIVE “NOR” 


The MC10H107 is a triple 2-input exclusive OR/NOR gate. This 
MECL 10KH part is a functional/pinout duplication of the standard 
MECL 10K family part, with 100% improvement in propagation 
delay, and no increase in power-supply current. 


@ Propagation Delay, 1.0 ns Typical 
e@ Power Dissipation 35 mW/Gate Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Storage Temperature Range — Plastic 
— Ceramic 


[io | = | = | 


in [Max * 
[Foner Supply cuveni| ie | — [a | — | 23 | — | 1 [ma 
[input Curent igh | ny | — | 225 a [66 [a 
input Grant Los | | OB | — 

| 













| Min | Max 
Input Current Low 0.5 0.5 Ewe see 
e 
t 





AC PARAMETERS 


V : 
Vv 
t 


ees 
[a 
Praitime |_| 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in atest socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to ~2.0 volts. 


| 
IL 
Propagation Delay d 
r 
f 
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~ MC10H107 © 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


Vcci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


*NC = No Connection 








(M\) MOTOROLA 


DUAL 4-5-INPUT “OR/NOR” GATE 


The MC10H109 is a dual 4-5-input OR/NOR gate. This MECL 
10KH part is a functional/pinout duplication of the standard MECL 
10K family part, with 100% improvement in propagation delay, 
and no increase in power-supply current. 


@ Propagation Delay, 1.0 ns Typical 


@ Power Dissipation 35 mW/Gate Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 













Characteristic 





Power Supply (Vcc = 0) 


Output Current — Continuous . lout 
— Surge 


| 
Operating Temperature Range -75 


Storage Temperature Range — Plastic Tstg —55 to 150 
— Ceramic — 55 to 165 
Characteristic | Max_ | Max | 


| Min_| 
fae eee ce | 
[esl 





lE 
) 
Low Input Voltage | VIL 
AC PARAMETERS 


1.95 

| 0.4 | 
| | 05 | 

0.5 








Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermai equilibrium has been established. The circuit is in atest socket _ 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpmis 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 





Input Voltage (Vcc = 0) 0 to VEE | Vde | 


MC10H109 — 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX | 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
| PLCC 
20, CASE 775 


LOGIC DIAGRAM 


16 


Vcci = Pin 
Vcc2 = Pin 16 
VEE = Pin 8 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





(AA) MOTOROLA 


QUAD EXCLUSIVE OR GATE 


The MC10H113 is a Quad Exclusive OR Gate with an enable 
common to all four gates. The outputs may be wire-ORed together 


to perform a 4-bit comparison function (A = B). The enable is active 
LOW. 


Propagation Delay, 1.3 ns Typical 


Power Dissipation 175 mW Typ/Pkg (No Load) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 













| 42 | — | 46 | ma | 


270 
320 320 
740 740 


pA 


Input Current High linH 
Pins 5, 7, 11, 13 
Pins 4, 6, 10, 12 
Pin 9 


Input Current Low 
V 
V 















0.5 _— 
oh: 





j : 0.3 — [oa 
tp 
t 


H 
OL 
IL 
AC PARAMETERS 
d 
: 
tf 


Propagation Delay 

Data 

Enable 

[RiseTime |e 


Ball time | te | 0 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown tn the test 
table, after thermal equilibrium has been established The circuitis ina test socket or mountedona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50 ohm resistor to -2 O volts. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 , 


FN SUFFIX 
PLCC 
20, CASE 775 
LOGIC DIAGRAM 
E 9 


= EOE ete 














& = Don't Care - 


DIP 
PIN ASSIGNMENT 


g[ | Enable 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 








(A) MOTOROLA | MC10H115 
























QUAD LINE RECEIVER 


The MC10H115 is a quad differential amplifier designed for use 
in sensing differential signals over long lines. This 10KH part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in counting frequency and no 
increase in power-supply current. 

The base bias supply (Vgp) is made available at Pin 9 to make 
the device useful as a Schmitt trigger, or in other applications 
where a stable reference voltage is necessary. Active current 
sources provide the MC10H115 with excellent common mode 
rejection. If any amplifier in a package is not used, one input of 
that amplifier must be connected to Vgp (Pin 9) to prevent upset- 
ting the current source bias network. 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 is 


1 


FN SUFFIX 
PLCC 
20, CASE 775 
e Propagation Delay, 1.0 ns Typical 


e Power Dissipation 110 mW Typ/Pkg (No Load) LOGIC DIAGRAM 


e@ Improved Noise Margin 150 mV 
(Over Operating Voltage and 
Temperature Range) 





e Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


When input pin with bubble goes positive, the out- 
put goes negative. 


*Vpp to be used to supply bias to the MC10H115 
only and bypassed (when used) with 0.01 «F to 
0.1 «F capacitor. 


= Pin 1 
Pin 16 


Characteristic 





| Min | Max | Min_| 
ae ee 
a eee 
see fe Oe ee? 
. 
Low Output Voltage = 1.95 


AC PARAMETERS 
Propagation Delay 


| Min_| Max 
Power Supply Current] — IE rae es 
Input Current | tind | — | 150 | 
* oiebe ec ae 

= 1.02 

= 1.98) 


PIN ASSIGNMENT 


High Output Voltage VOH | —1.02 








Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in atest socket or mounted ona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 


Pin assignment is for Dual-in-line Package. 
terminated through a 50 ohm resistor to -2.0 volts. For PLCC pin assignment, see tables on page 1-31. 





(AA) MOTOROLA 


TRIPLE LINE RECEIVER 


The MC10H116 is a functional/pinout duplication of the 
MC10116, with 100% improvement in propagation delay and no 
increase in power-supply current. 


Propagation Delay, 1.0 ns Typical 


Power Dissipation 85 mW Typ/Pkg (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 


Output Current — Continuous lout 50 mA 
— Surge 100 





Max 
fen es 
ce ee ee eo 
p15 | — | 10 | = | 10 | 
VBB Vde | | 
High Output Voltage VOH Vde | | 
63 
=0.84 
=1.95 Vde 


Common Mode VCMR ~2.85 to —0.8 Vde 
Range (3) 


|_—_|mvp 





AC PARAMETERS 


Propagation Delay tod 
Fall Time 


NOTES: 

1. When Vpg is used as the reference voitage 

2. Each MECL 10KH series circuit has been designed to meet the specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

3. Differential input not to exceed 1.0 Vdc 

4. Differential input required to obtain full logic swing on output. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 


1 
FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Veci = Pini 
Vcc2 = Pin 16 
VEE = Pin8 


When input pin with 

. bubble goes positive 
it's respective output 
pin with bubble goes 
positive. 


*VBp to be used to supply bias to the MC10H116 
only and bypassed (when used) with 0.01 pF to 
0.1 F capacitor. 

The MC10H116 is designed to be used in 
sensing differential signals over long lines. 
The bias supply (Vgp) is made available to 
make the device useful as a Schmitt trigger, or 
in other applications where a stable reference 
voltage is necessary. 

Active currentsources provide these 
receivers with excellent common-mode noise 
rejection. If any amplifier in a package is not 
used, one input of that amplifier must be 
connected to Vgp to prevent unbalancing the 
current-source bias network. 

The MC10H1 16 does not have internal-input 
pull-down resistors. This provides high imped- 
ance to the amplifier input and facilitates 
differential connections. 

Applications: 


@ Low Level Receiver @® Voltage Level 
@ Schmitt Trigger Interface 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 








(AA) MOTOROLA 






















- DUAL 2-WIDE 2-3-INPUT 
-“OR-AND/OR-AND-INVERT” GATE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





~The MC10H117 is a general purpose logic element designed for 
use in data control, such as digital multiplexing or data distri- 
bution..Pin 9 is common to both gates. This MECL 10KH part is 
a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 16 


1 


FN SUFFIX 
| PLCC 
20, CASE 775 


LOGIC DIAGRAM 


© Propagation Delay, 1.0 ns Typical 
@ Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 









Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 












Input Current High 





Pins 4, 5, 12, 13 275 
Pins 6, 7, 10, 11 545 320- 320 
Pin 9 . 710 415 415 





DIP 
PIN ASSIGNMENT 













NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(A) MOTOROLA MC10H118 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


DUAL 2-WIDE 3-INPUT “OR-AND” GATE 


The MC10H118 is a basic logic building block providing the OR/ 
AND function, useful in data control and digital multiplexing appli- 
cations. This MECL 10KH part is a functional/pinout duplication 
of the standard MECL 10K family part, with 100% improvement 
in propagation delay, and no increase in power-supply current. 

Propagation Delay, 1.0 ns Typical 

Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 


1 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 
Characteristic 

Power Supply (Vcc = 0) 

Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 













DIP 
PIN ASSIGNMENT 








races rex | Min 
Ee ee: 
Input Current High linH 
465 275 275 
os 320 320 
Pin 9 710 415 415 
Low Output Voltage VoL | —1.95| —1.63 Vdc 
AC PARAMETERS 


Characteristic Symbol 
Power Supply Current | te | 
Pins 3,4,5,12,13,14 
Pins 6,7,10,11 
High Input Voltage (1) = =413 ~0.735| Vdc 
Low Input Voltage (1) ~1.95 | — 1.95 | 
eopegeien Delay 





Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in atest socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 


maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. . , : Ee 
Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 





2-21 


(AA) MOTOROLA | Mc10H119- 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


4-WIDE 4-3-3-3-INPUT “OR-AND” GATE | 


The MC10H119 is a 4-wide 4-3-3-3-input OR/AND gate with one 

- input from two gates common to pin 10. This MECL 10KH part is 

a functional/pinout duplication of the standard MECL 10K family 

part, with 100% improvement in propagation delay, and no 
increase in power-supply current. | 


- P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


1 


FN SUFFIX 
| PLCC 
20, | CASE 775 


Propagation Delay, 1.0 ns Typical 

Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 
Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

Voltage Compensated 


MECL 10K-Compatible 
LOGIC DIAGRAM 





MAXIMUM RATINGS 


Power Supply (Vcc = 0) VEE 
Input Voltage (Vcc = 0) 0 to VEE 
TA 


Vdc 
Vdc 
Output Current — Continuous lout 50 mA 
— Surge 100 
°C 
BG 
°C 










[Symbot [Rating [Unit] 
[vee [e010 | vec | 














Storage Temperature Range — Plastic Tstg —55 to 150 
. — Ceramic — 55 to 165 


ELECTRICAL CHARACTERISTICS (Veg = 5.2 V +5%) (See Note) 


[Power Supply cunent| ig | — | 29 | — | 26 | — | 29 | ma 


Input Current High i uA 
Pins 3, 4, 5, 6, 7,9 
11,12, 13,14,15'} -- 500 295 295 
Pin 10 610 360 360 


P= [os | — [os | — [aa 
v 

Propagation Delay 
Pin 10 Only 


ns 
2.2 0.75 2.25 2.35 
Exclude Pin 10 - | 2.0 0.75 2.15 
ne 


. 0.8 


| 
NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the testtable, after thermal equilibrium has been established. The circuit is in atest socket 
or mounted ona printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 













Vcci1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 







DIP 
PIN ASSIGNMENT 










Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(AA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


4-WIDE ‘‘OR-AND/OR-AND-INVERT” GATE 


The MC10H121 is a basic logic building block providing the 
simultaneous OR-AND/OR-AND-INVERT function, useful in data 
control and digital multiplexing applications. This MECL 10KH part 
is a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increase in power-supply current. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


@ Propagation Delay, 1.0 ns Typical 
@ Power Dissipation 100 mW/Gate Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
@e MECL 10K-Compatible 





MAXIMUM RATINGS 


; 0 , oe | 
7 a 




























DIP 


Output Current — Continuous lout 
— Surge 100 
Pins 3, 4, 5, 6, 7,9 


[operating Temperature Range «| Sa*(CS 
Max | in| Mx 
11, 12, 13, 14, 15 
a 
| : 
t 





Storage Temperature Range — Plastic 
— Ceramic ~ 55 to 165 

| Min | Max | Min | Max | Min_ 

Se | ee ea 201s ee 
Input Current High linH pA 

500 295 295 

| —1.02| -0.84| -0.98 

AC PARAMETERS 


Propagation Delay pd 
Pin 10 Only 0.45 1.8 0.45 1.8 
Exclude Pin 10 0.55 | 1.95 0.6 : 
: 


7 


: 
NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in atest socket 


or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 


maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. : ; : ar 
Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 
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(MA) ‘MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


-  -P SUFFIX K 
PLASTIC PACKAGE 
CASE 648 | 


1 


FN SUFFIX 
PLCC 
20; | CASE 775 


LOGIC DIAGRAM 
=P 
= 
= yom—— 15 
Vcc1 = Pin 1 


Vcc2 = Pin 16 
VEE = Pin8 


TRIPLE 4-3-3 INPUT BUS DRIVER 


The MC10H123 is a triple 4-3-3 Input Bus Driver. 

The MC10H123 consists of three NOR gates designed for bus 
driving applications on card or between cards. Output low logic 
levels are specified with VoL = —2.1 Vdc so that the bus may be 
terminated to — 2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10H123 are “‘turned-off.” This eliminates discontinuities 
in the characteristic impedance of the bus. 

The VQH level is specified when driving a 25-ohm load termi- 
nated to —2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped- 
ance that can be driven by the MC10H123, higher impedance 
values may be used with this part. A typical 50-ohm bus is shown 
in Figure 1. 


@ Propagation Delay, 1.5 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
e MECL 10K-Compatible 





MAXIMUM RATINGS 


Characteristic | Symbol 
: 
d 


ee 
0 to VEE V 
m 


Output Current — Continuous 50 
— Surge 


— 55 to 150 
— 55 to 165 


Cc 
c 
A 


DIP 
PIN ASSIGNMENT 


Fall Time 





NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 lfpm is maintained. Outputs 


are terminated through a 25 ohm resistor to — 2.0 volts. : : ; Stes 
: Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 
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MC10H123 


FIGURE 1 — 50-OHM BUS DRIVER (25-OHM LOAD) 


1/3 MC10H123 1/3 MC10H123 1/3 MC10H123 


Z9= 502) 


RECEIVERS (MECL Gates) 
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(A) MOTOROLA MC10H124 


CERAMIC PACKAGE 
CASE 620 


The MC10H124 is a quad translator for interfacing data and 
control signals between a saturated logic section and the MECL 
section of digital systems. The 10KH part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power- 


P SUFFIX 
PLASTIC PACKAGE 


supply current. CASE 648 


e@ Propagation Delay, 1. 5 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


FN SUFFIX 
PLCC 
20; | CASE 775 


@ Voltage Compensated 
e@ MECL 10K-Compatible 





MAXIMUM RATINGS = 


Characteristic | Symbol | Rating —_ | 
Power Supply (Vcc = 5.0 V) | Vee | -80too | 
Power Supply (Veg = —5.2 V) ro 
Input Voltage (Vcc = 5.0 V) TTL 


Output Current — Continuous | = 
— Surge Ht 


Operating Temperature Range | oT] | 0 to +75 


Storage Temperature Range — Plastic Tstg —55 to +150 
— Ceramic —55 to + 165 


ELECTRICAL CHARACTERISTICS ee tes = = 5.2 V +5%, Vcc = 5.0 V + 5.0%) Gad) 


Vcc (+5.0 Vdc) 
Veg (-—5.2 Vdc) = 
Characteristic Symbol Cac EE 
Negative Power 
Supply Drain 
Current 

Positive Power Supply) IccH feel e 

Drain Current tect | 

lec | 


LOGIC DIAGRAM 



















DIP 
PIN ASSIGNMENT 


Reverse Current Bout 


Pin 6 


Pin 7 Aout 


Forward Current 
Pin 6 
Pin 7 
Input Breakdown V(BR)in 
Voltage 


[loot vate [W— 

| High Output Voltage — 1.02 

, Glighinat cays | we ao = ao ao 
| Low Input Voltage | vu | — [ o8 | — | 08 | Pin assignment is for Dual-in-line Package. 
AC PARAMETERS For PLCC pin assignment, see tables on page 1-31. 


Bout 





Aout 

Ain 
Common 
Strobe 





Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the 
test table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is main- 
tained. Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H124 


APPLICATIONS INFORMATION 





The MC10H124 has TTL-compatible inputs and MECL An advantage of this device is that TTL-level infor- 
complementary open-emitter outputs that allow use as mation can be transmitted differentially, via balanced 
an inverting/non-inverting translator or as a differential twisted pair lines, to MECL equipment, where the signal 
line driver. When the common strobe input is at the can be received by the MC10H115 or MC10H116 differ- 
low-logic level, it forces all true outputs to a MECL low- ential line receivers. The power supply requirements 
logic state and all inverting outputs to a MECL high- are ground, +5.0 volts, and — 5.2 volts. 
logic state. 
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(M\) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620. 


QUAD MECL-TO-TTL TRANSLATOR 


The MC10H125 is a quad translator for interfacing data and 
control signals between the MECL section and saturated logic 
section of digital systems. The 10KH part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power- 
supply current. 


@ Propagation Delay, 2.5 ns Typical e Voltage Compensated 


@ Improved Noise Margin 150 mV @ MECL 10K-Compatible 
(Over Operating Voltage and Temperature Range) 


MAXIMUM RATINGS . 
| Rating | 


| Unit | 
Power Supply (Vcc = 5.0 V) EE : 
aa 

°C 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 ; 


FN SUFFIX 
PLCC 
20, Uhaf CASE 775 


LOGIC DIAGRAM 






















_ Power Supply (VEE = 







Operating Temperature Range 





_Input Voltage (Vcc = 5.0 V) 
Storage Temperature Range — Plastic 


— Ceramic — 55 to 165 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5%; Vcc = 5.0 V + 5.0% ) 
(See Note) 


VBB* 
Gnd = Pin 16 
Vcc (+5.0 Vde) = Pin 9 
Vee (-5.2 Vdc) = Pin 8 
*VBp to be used to supply bias to the MC10H125 


only and bypassed (when used) with 0.01 uF to 
0.1 wF capacitor. 


Negative Power 
Supply Drain 
Current 


Positive Power Supply 


Drain C t 
rain Curren IccL 
Input Leakage Current! ICBO : | DIP 


High Output Voltage | VoH PIN ASSIGNMENT 
lIoOH = —1.0 mA 





Low Output Voltage VOL 
loL = +20mA 


High Input Voltage 
Low Input Voltage VIL 
Short Circuit Current 


Propagation Delay tod 
ts 





NOTE: Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted ona printed circuit board and transverse air flow greater than 500 Ifpm is maintained. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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MC10H125 | 


APPLICATION INFORMATION 


The MC10H125 incorporates differential inputs and 
Schottky TTL “totem pole” outputs. Differential inputs 
allow for use as an inverting/non-inverting translator or 
as a differential line receiver. The Vgp reference voltage 
is available on Pin 1 for use in single-ended input bias- 
ing. The outputs of the MC10H125 go to a low-logic 
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level whenever the inputs are left floating. 

An advantage of this device is that MECL-level infor- 
mation can be received, via balanced twisted pair lines, 
inthe TTL equipment. This isolates the MECL-logic from 
the noisy TTL environment. Power supply requirements 
are ground, +5.0 volts and — 5.2 volts. 








(M\) MOTOROLA 


DUAL LATCH 


The MC10H130 is a MECL 10KH part which is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock speed and propagation delay and no 
increase in power-supply current. 


@ Propagation Delay, 1.0 ns Typical 
@ Power Dissipation, 155 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 

Characteristic 
[Power Supply (Vec=0) | VEE 
"i 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 












— Ceramic 
ee ee 
Characteristic Symbol | Min | Max | | Max | 
Power Supply Current] te | — | 38 mA 
Input Current High linH pA 
468 275 
Pins 7, 9, 10 545 320 
Pins 4, 5, 12, 13 434 255 
| 05 _| | = | 03 | — | xa) 


mA 
Pins 6, 11 
Input Current Low 
0.735] Vdc 


> 


=0.84 
[ow Output Votage | Vor |=195]—163]—195]—16]—196| 1.60] vie. 
~1.13 | ~0.81 | - 1.07 | -0.735] Vac | 
IL : 
pd 
tr 


| 
© 
to 
oe) 





Propagation Delay 
Data 


[tow input Vortage | vu _|—198) ~1.48| 1.95] — 148 
Set, Reset 


V 
V 
V 
V 
AC PARAMETERS 
0 
2se 0 
Clock, CE 0 
PRise time | 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in atest socket or mounted ona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 
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eat 


gill 


MC10H130 


L SUFFIX 
CERAMIC PACKAGE | 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pf 


LOGIC DIAGRAM 


FN SUFFIX 
PLCC 
CASE 775 


Vec1 = Pin 
Vcc2 = Pin 16 
VEE = Pin 8 


On oa tr WD = 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 





MC10H130 


APPLICATION INFORMATION 


The MC10H130 is a clocked dual D type latch. Each 
latch may be clocked separately by holding the common 
clock in the low state, and using the clock enable inputs 
for the clocking function. If the common clock is to be used 
to clock the latch, the clock enable (CE) inputs must be in 
the low state Inthis mode, the enable inputs perform the 
function of controlling the common clock (C). 

Any change at the D input will be reflected at the output 
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while the clock is low. The outputs are latched on the posi- 
tive transition of the clock. While the clock is in the high 
state, a change in the information present at the data 
inputs will not affect the output information. 

The set and reset inputs do not override the clock and D 
inputs. They are effective only when either C or CE or both 
are high. 








(A) MOTOROLA 


DUAL TYPE D MASTER-SLAVE 
; FLIP-FLOP 


CASE 620 


ee 
Ay 


1 
P SUFFIX 
PLASTIC PACKAGE 16 
CASE 648 , 


16 


The MC10H131 is a MECL 10KH part which is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock speed and propagation delay and n 
increase in power-supply current. 


@ Propagation Delay, 1.0 ns Typical 
e@ Power Dissipation, 235 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 





@ Voltage Compensated 
@ MECL 10K-Compatible 

















MAXIMUM RATINGS 


Input Voltage (Vcc = 0) 0 to VEE Vde 


Output Current — Continuous lout mA 
— Surge 

Pins 6, 11 
Pin 9 

Low Output Voltage VoL | —1.95 1,95 

High Input Voltage | Vin 1.13 —1.07 | -0.735| Vde 
Set, Reset 

; 














Vcec1 = Pin 1 
Vcc2 = Pin 16 


































@ = Don't Care 


N.O. = Not Defined C=CeE+ Cc. . 
A clock H is a clock transition 
from a low to a high state. 





DIP 
PIN ASSIGNMENT 


Storage Temperature Range — Plastic Tstg 
— Ceramic 
Symbot| Min | 
Power Supply Current See: ee 
Input Current High j 
. 660 
Pins 7, 10 485 
Pins 4, 5, 12, 13 790 
vou = 1.60] vae_ 
| 
AC PARAMETERS 
Propagation Delay 
Clock, CE 





= 
(o>) 
‘aa L] 
< 
2) 
Oo 
NO 


Fall Time tf 
Hold Time 


1 
2 
3 
4 
5 
6 
7 
8 





NOTE: Pin assignment is for Dual-in-line Package. 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test For PLCC pin assignment, see tables on page 1-31. 


table, after thermal equilibrium has been established. The circuit is in a test socket or mounted ona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to ~2.0 volts. 
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MC10H131 


APPLICATION INFORMATION 





The MC10H131 is a dual master-slave type D flip-flop. In this case, the enable inputs perform the function of 
Asynchronous Set (S) and Reset (R) override Clock (Cc) controlling the common clock. 
and Clock Enable (CE) inputs. Each flip-flop may be The output states of the flip-flop change on the positive 
clocked separately by holding the common clock in the transition of the clock. Achange inthe information present 
new low state and using the enable inputs for the clocking at the data (D) input will not affect the output information 
function. If the common clock is to be used to clock the at any other time due to master slave construction. 


flip-flop, the Clock Enable inputs must be in the low state 
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(A) MOTOROLA 


DUAL J-K MASTER SLAVE FLIP-FLOP L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


The MC10H135 is a dual J-K master slave flip-flop. The device 
is provided with an asynchronous set(s) and reset(R). These set 
and reset inputs overide the clock. 

A common clock is provided with separate J-K inputs. When 
the clock is static, the JK inputs do not effect the output. The 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
} PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Output states of the flip flop change on the positive transition of 
the clock. 
e@ Propagation Delay, 1.5 ns Typical @ Improved Noise Margin 150 mV 
@ Power Dissipation, 280 mW (Over Operating Voltage and 
Typical/Pkg. (No Load) Ula ss sale 
ftog 250 MHz Max @ Voltage Compensate 
@ MECL 10K-Compatible 
















MAXIMUM RATINGS 


Power Supply (Vcc = 0) 


Output Current — Continuous lout 50 mA 
— Surge 100 


Operating Temperature Range 
Storage Temperature Range — Plastic Tstg —55 to 150 o 
— 55 to 165 
75 
Input Current High 
Pins 6, 7, 10, 11 
80 
IL 
pd 
; 
tf 

























Vcc1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 









15 












14 













*Output states change 
on positive transition 
of clock for J-K input 
condition present. 


N.D. = Not Defined 






DIP 


3 
PIN ASSIGNMENT 





— Ceramic 
| Max | 
Pins 4, 5, 12, 13 
Low Input Vottage | Vu_| 1.95] ~148] — 195] 148] 195] ~1.45 | vee 


in | 
linH 
460 
0 500 
Pin 9 675 420 
AC PARAMETERS 


Power Supply Current 
V 
Vv ; 
V ; 
V 
Propagation Delay t 
Set, Reset, Clock 





Hold Time 1.0 
Toggle Frequency 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown tn the test 
table, after thermal equilibrium has been established. The circuit is ina test socket or mounted ona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50 ohm resistor to -2.0 volts. 


Fall Time 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(AA) MOTOROLA 


UNIVERSAL HEXADECIMAL COUNTER 


The MC10H136 is a high speed synchronous hexadecimal 
counter. This 10KH part is a functional/pinout duplication of the 


ing frequency and no increase in power-supply current. 


e Counting Frequency, 250 MHz Minimum @ Voltage Compensated 
e Power Dissipation, 625 mW Typical @ MECL 10K-Compatible 


@ Improved Noise Margin 150 mV 
(Over Operating Voltage and Temperature Range) 





MAXIMUM RATINGS 


Symbol_| Rating 
Input Voltage (Vcc = 0) V| 
TA 


















Output Current — Continuous lout 50 mA 
— Surge 100 


Storage Temperature Range — Plastic Tstg — 55 to 150 °C 
~55 to 165 G 


— Ceramic 


Power Supply Current Ee er | 



















Input Current High .| tino pA 
Pins 5, 6, 11, 12, 13 430 275 275 
Pin 9 670 420 420 
Pin 7 535 335 335 
Pin 10 380 240 240 


ee ee eee 
[tow input Voltage | Vu_|-195] - 14a] —1.95] — 1.48) — 1.95] — 1.45] vac 


AC PARAMETERS 
r 
tf 


= 
~“ 






2.0 
3.5 


(C to Cin) 


Hold Time 
Data (C to DO) 
Select (C to S) 
Carry In (C to Cin) 
(Cjn to C) 


Propagation Delay 
Clock to Q 


Clock to Carry Out 
Carry in to Carry 
Out 
| feount | 250 
| ote | 08 | 


Set-up Time 
Data (DO to C) 
Select (S to C) 
Carry In (Cjp to C) 
Each MECL 10KH series circuit has been designed to meet the de specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is tn a test socket or mounted ona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 


2 
0 
0 

—0 

0 
2 

25 


0 
5 

2 
0 





' NOTE: 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


@ 


FUNCTION SELECT TABLE 


Decrement (Count Down) 


16 
1 


FN SUFFIX 
PLCC 
CASE 775 













(INPUTS OUTPUTS 
Carry | Clock Carry 
02} D3] In “s Q2{Q3} Out 


Hj] H o 


L 
Q L H 
1) H H 
40) H H 
? @)\¢o 
o1]°O1¢ 
(7 o) (7 
H L L 
° ? 7) 
ce ? Q 
@ co) @ 
o| oo H|H]H 
gd = Don't care 


* Truth table shows logic states assuming inputs vary in sequence 
shown from top to bottom, 
** A clock H 1s defined as a clock input transition from a low to a 
high logic tevet. 


L L H L 


tea Sigg as a We ak ae 
(cal aoe Or) lige ge ean ses 
jrzeaezer| 


aie atl es 
Iit 
Cir 
| cae ae 
Laer ae 5 





= 
z 
= 





DIP 
PIN ASSIGNMENT 


13 {_] Clock 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 








MC10H136. | 


LOGIC DIAGRAM 























































































Si 96 
Ss2 70 ; 
Carry In rc | + T=] , 
10 © = 
4 aS ‘aces 
Clock °— 
12 
Vcc1 = Pin 1 
Vcc2 =Pin16 
VeEE=Pin8 
"42 14 ae 15 6 2 5 3 4 
DO Qo D1 Ql D2 Q2 D3 Q3 Carry Out 


NOTE: FLIP FLOPS WILL TOGGLE WHEN ALL T INPUTS ARE LOW. 


APPLICATION INFORMATION 


The MC10H136 is a high speed synchronous counter The S1, S2, control lines determine the operating modes 
that operates at 250 MHz. Counter operating modes of the counter. In the pre-set mode, a clock pulse is neces- 
include count up, count down, pre-set and hold count. sary to load the counter with the information present on 
This device allows the designer to use one basic counter the data inputs (DO, D1, D2, and D3). Carry out goes low 
for many applications. on the terminal count or when the counter is being pre-set. 
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(AA) MOTOROLA 


FOUR-BIT UNIVERSAL SHIFT REGISTER 


The MC10H141 is a four-bit universal shift register. This device 
is a functional/pinout duplication of the standard MECL 10K part 
with 100% improvement in propagation delay and operation fre- 
quency and no increase in power supply current. 


@ Shift frequency, 250 MHz Min 
@ Power Dissipation, 425 mW Typical 


@ Improved Noise Margin 150 mV (over operating 
voltage and temperature range) 


e Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


Input Voltage (Vcc = 0) 0 to VEE Vdc 
TA 
















Output Current — Continuous lout 50 mA 
— Surge 100 


Operating Temperature Range we | 0-75 


Storage Temperature Range — Plastic Tstg —55 to 150 °C 
— Ceramic es 6 


iin | 
la 
255 i 
260 
: 












| Min Unit 





Input Current High 
Pins 5,6,9,11,12,13 
Pins 7,10 
Pin 4 








2 2 
260 
. 320 


AC PARAMETERS 
[Propagation Delay | tga | 10 [20 [10 [20] ti [at [we 


Hold Time — thold 1.0 
Data, Select 
Set-up Time tset 
Data 1. 1.5 
Select 3 3.0 
Poa [05 











riseTime ‘| _& | os | 
Fall Time tf 


ail ag 
A/S 


NOTE: 

Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted on 
a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H141 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


TRUTH TABLE 


3 
Stop Shift 


* Outputs as exist after pulse appears at “C” input with 
input conditions as shown (Pulse Positive transition 
of clock input). 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





: MC10H141 





LOGIC DIAGRAM 


D3 D2 D1 DO 


O O O O 
Parallel Enter 
$1 O 


ade eS HS 

: Eee 
ar 
SS 








=; 


- 
— y, V7 


O O | O @ 
Q3 Q2 Q1 Qo 
Veci1 = Pint 
Vcc2 = Pin 16 
Vee = Pin8 


APPLICATION INFORMATION 


The MC10H141 is a four-bit universal shift register the clock. The four operations are stop shift, shift left, 
which performs shift left, or shift right, serial/parallel in, shift right, and parallel entry of data. The other six inputs 
and serial/parallel out operations with no external gat- are all data type inputs; four for parallel entry data, and 
ing. Inputs S1 and S2 control the four possible cpera- one for shifting in from the left (DL) and one for shifting 
tions of the register without external gating of the clock. in from the right (DR). 


The flip-flops shift information on the positive edge of 
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(AA) MOTOROLA 


Advance Information — 


16 x 4 BIT REGISTER FILE 


The MC10H145 is a 16 x 4 bit register file. The active-low chip 
select allows easy expansion. 

The operating mode of the register file is controlled by the WE 
input. When WE is “low” the device is in the write mode, the 
outputs are “low” and the data present at Dy, input is stored at 
the selected address, when WE is “high,” the device is in the read 
mode — the data state at the selected location is present at the 


Qn outputs. 
e Address Access Time, 3.5 ns Typical 
® Power Dissipation, 700 mW Typical 


e@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 





_ MAXIMUM RATINGS 
Power Supply (Vcc = 0) -8.0 to oy 
O to VEE 


50 
100 


. Oto +75 


-55 to +150 
“55, to +165 




















Input Voltage (Vcc = 0) 













Output Current — Continuous 
— Surge 












Operating Temperature Range 








Storage Temperature Range - Plastic 
— ~ Ceramic 





































































Power Supply Current ‘Ie 
Input Current High lin 
Input Current Low lin. 
High Output Voltage VOH 
Low Output Voltage VOL 
High Input Voltage Wig. 
Low Input Voltage VIL 








NOTE. 
Each MECL 10KH sertes circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established The circuitisinatest socket or mountedona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 


This document contains information on a new product Specifications and information herein are 
subject to change without notice 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 8 


1 
FN SUFFIX 
PLCC 
20, CASE 775 


TRUTH TABLE 





MODE 








Write “O” 
Write “1” 
Read 
Disabled 














d = Don't Care 
Q-State of Addressed Cell 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





| MC10H145 | 


AC PARAMETERS 





MC10H145 
Ta =0to+75°C, 
VEE = -5.2 Vde +5% 


Unit 

















Characteristics Symbol Conditions 
Read Mode ns | Measured from 50% of input to 50% of 
Chip Select Access Time tAcs output. See Note 2. 
Chip Select Recovery Time tRcs 
Address Access Time tAA 
Write Mode ns | tWwSA = 3.5 ns 
Write Pulse. Width tw Measured at 50% of input to 50% of 
Data Setup Time Prior to Write twsSD output. tw = 6.0 ns. 
Data Hold Time After Write tWHD 
Address Setup Time Prior to Write tWSA 
Address Hold Time After Write tWHA 
Chip Select Setup Time Prior to Write twScs 
Chip Select Hold Time After Write tWHCS 
Write Disable Time tws 
Write Recovery Time twWwR 
Chip Enable Strobe Mode ns Guaranteed but not tested on 
Data Setup Prior to Chip Select tcSD standard product. See Figure 1. 
Write Enable Setup Prior to Chip Select tcsSw 
Address Setup Prior to Chip Select tCSA 
Data Hold Time After Chip Select tCHD ‘ 
Write Enable Hold Time After Chip Select tCHW 0 — 
Address Hold Time After Chip Select tCHA 2.0 — 


Chip Select Minimum Pulse Width 


Rise and Fall Time 
Address to Output 
CS to Output 


Capacitance 
Input Capacitance 
Output Capacitance 





4.0 

ty, ty 
0.6 
0.6 
Cout 8.0 


tcs 





2.5 
2.5 


Measured between 20% and 80% 


points. 





Measured with a pulse technique. 





NOTES: 1. Test circuit characteristics: Rt = 50 0, MC10H145. Cy <5.0 pF (including jig and Stray Capacitance). Delay should 
be derated 30 ps/pF for capacitive loads up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 

3. For proper use of MECL in a system environment, consult MECL System Design Handbook. 


FIGURE 1 — CHIP ENABLE STROBE MODE 
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MC10H145 


BLOCK DIAGRAM 






Chip 
Select 
Buffer 






= | Sense | 










A0Q 
Dk 
A1Q ra 3 
a © 16 x 4 Memory 
w ms Cell Array 
A2Q 2 - 
= NN 
{ _ 
A30 





Write and 
Data In Buffer 






1. eee 
OWE 
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(AA) MOTOROLA MC10H155 


Advance Information . — SORE 


CERAMIC PACKAGE 


CASE 726-04 






CONTENT ADDRESSABLE MEMORY 


The MC10H155 is a 16-bit ECL Content Addressable Memory 
(CAM). The device is organized as an array of 8 words by 2 bits 
with each cell of the array containing an exclusive-OR comparator, 
a D-type latch as well as control logic. The modes of operation 
possible with the MC10H155 are reading, writing, associate, 
masked associate and the hybrid mode. - 

e Associate Time 7.0 ns Max 
@ Single Bit Masking 


@ Open Emitter Match Lines for Easy Bit Expansion 






P SUFFIX 
PLASTIC PACKAGE 
CASE 707-02 









@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 







Voltage Compensated 
MECL 10K-Compatible 






BIT O BIT 1 








16-BIT LATCH 
AND COMPARATOR 


MAXIMUM RATINGS . ARRAY 


Power Supply (Voc = 0) 
TA 





MATCH OUTPUTS 





WORD SELECT INPUTS/ 











Output Current — Continuous lout ~ 60 
— Surge 100 


Vdc 

mA 
Operating Temperature Range Eee Oto +75 

C 

°C 


Storage Temperature Range — Plastic Tstg —55 to + 150 
— Ceramic —55 to +165 





Input Current High 
Pins 2,3,4,5,7, 
12,14,15,16,17 


Pins 10,11 
Pin 8 


| 


High Input Voltage 
Low Input Voltage V 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the 
test table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. 
Outputs are terminated through a 50 ohm resistor to — 2.0 volts. 





H 
ff 





This document contains information on a new product. Specifications and information herein is 
subject to change without notice. 
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MC10H155 


AC PARAMETERS 


Associate Time (Ito Y) TAT 
(Ato Y) TA2 










Disable Time (Ato Y) TD! 
(Ato D} TD2 
(Yto BD) TD3 














(AtoW) TS2 
(YtoW) TS3 
(ltoW) TS4 


Setup Time 





Write Pulse Width _ 
Write Access Time TS4 = TW (Wto D) TA3 
TS4 = TW (Ito D) TA4 


Hold Time (W to A) TH1 
(W to Y) TH2 
(W to |) TH3 















Read Access Time TS4 = TW (Yto D) TA5 

TS4 = TW (Ato D) TA6 
Cycle Time, CP Rate MHz 
TRUTH TABLE 


| AO i ae 
| Associatet | 1 


Qn0 @10,+ On1@I1 ) 


ant 
i oad Sed i 
I1°Y 












Associate 1-2 
(Masked) 


Yn 
0 (Selected Address) 


0 (Selected Address) 


X = Don’t Care 
QnO = Contents of Address n, Bit 0 (n = 0 to 7) 
Qn1 = Contents of Address n, Bit 1 


NOTES: 
1. 1 (High) = Mismatch of Qn @I, 0 (Low) =_Match of Qn @l 
2. DO = Q00*YO + Q10+Y1 + *** + Q70*Y7 
D1 = Q01- YO + Q11+Y1 + ¢*+ + Q71°Y7 
3. Under normal operation, only one Y address is selected for read or write. 
4. The write is transparent. 
5. At all ‘‘matched’’ addresses there exists a simultaneous Associate and Write. 
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MC10H155 


DESCRIPTION OF MODES OF OPERATION 


The MC10H155 can be operated in any of the follow- 
ing modes: Read, Write, Associate, Masked Associate 


and Hybrid. Lines YO-Y7 can be used as either inputs © 


(a linear word select in the read/write mode) or as out- 
puts (indicating match/mismatch in the associate mode). 


Associate 

Data present on the 10 and I1 inputs are compared 
with the latch outputs (Qn0, Qn1) of each cell. If the data 
input is at the same state as the latch output of a par- 
ticular Y location, that Y-line goes low. Because these 
Y outputs are open emitters, expansion in multiples of 
2 bits is obtained by tying additional MC10H155’s to the 
Y-bus lines. 


Masked Associate 

This mode allows only the comparison of a single bit 
which is selected by bringing the corresponding AO- or 
Al-line high. The other bit is inhibited by holding the 
corresponding AO- or A1-line low. 


Read 
The particular cell output to be read is selected by 
bringing the associated Y-input low. Under normal op- 
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eration only one cell is selected to be read, all Y-inputs 
of deselected cells must be held high. The state of the 
selected cell appears on outputs DO and D1. In the case 
where more than one cell is selected, the outputs of 
these cells are OR-ed together and appear on the DO-, 
D1-outputs. 


Write 

In this mode data present at the I0-, 11-inputs is trans- 
ferred to the latch outputs. Since the DO-, D1-outputs 
are transparent, they follow the state of these I0-, 11- 
inputs. The particular cells to be written into are selected 
by taking their respective Y-inputs low. All deselected 
cells, Y-inputs must be held high. 


Hybrid 

In this mode, only one of the I0- or |1-data inputs are 
associated with their respective latch outputs, QnO or 
Qn1. If a match exists, the corresponding Yn-line(s) will 
go low. As the Y-line goes low, this will address the 
other half of the memory for writing new data. Thus, 
when |0 matches Qn0O, it is possible to write 11 in Qn1 
or vice versa. 


MC10H155 


LOGIC DIAGRAM 









eal 


ik 


C 


| 8 |- 
> 
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7 | MC10H155 


TIMING DIAGRAMS 


READ CYCLE 













Mode Select 


Selected Y 
(One Line) 


¥ Unselected Y 
(7 Lines) 
e Data Out 
WRITE CYCLE 
«—TS2 TH1 
‘ Mode Select 
Y Cs IN im | Selected Y 
TH2 (One Line) 
y d 
—s TUF Te 
(7 Lines) 
W Write Pulse 
TH3 
TA6 A 
: ALTIUM varie ata out 
<«-TA3—> 


ASSOCIATE CYCLE 








Mode Select 


Y Output 


Input Data 
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(AA) MOTOROLA 


QUAD 2-INPUT MULTIPLEXER 
(NON-INVERTING) 


The MC10H158 is a quad two channel multiplexer with common 
input select. A “high” level select enables input DOO, D10, D20 
and D30 and a “low” level select enables input D01, D11, D21 and 
D31. This MECL 10KH part is a functional/pinout duplication of 
the standard MECL 10K family part, with 100% improvement in 
propagation delay and no increase in power-supply current. 


@ Propagation Delay, 1.5 ns Typical 
@ Power Dissipation, 197 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 

— Ceramic 
Power Supply Current Pile cess 
Input Current Low 
High Output Voltage 


Input Current High 
Low Output Voltage 
VI 
IL 









53 


iin | 
ea 
515 


0.84 




























Pin 9 

Pins 3-6 and 10-13 
High Input Voltage 
Low Input Voltage 
AC PARAMETERS 


Propagation Delay 
Data 
Select 














Rise Time 











Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is tn a test socket or mounted on a 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained Outputs are 
terminated through a 50-ohm resistor to -2 O volts. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 





@ = Don't care 





DIP 
PIN ASSIGNMENT 


D31 


Select 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


| MC10H158 


LOGIC DIAGRAM 
Select 


DO 1 


DOO 





15 Q2 


14 Q3 





Vee = Pin8 
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(AA) MOTOROLA 


QUAD 2-INPUT MULTIPLEXER 
(INVERTING) 


The MC10H159 is a quad 2-input multiplexer with enable. This 
MECL 10KH part is a functional/pinout duplication of the standard 
MECL 10K family part, with 100% improvement in propagation 
delay and no increase in power-supply current. 


@ Propagation Delay, 1.5 ns Typical 
e@ Power Dissipation, 218 mW Typical 


e Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 


Characteristic 














Power Supply (Vcc = 0) 





Input Voltage (Vcc = 0) 















Input Current High 
Pin 9 
Pins 3-7 and 10-13 





| Min | Max | Min | 
58 
linH 
475 
Be 515 Pi 
me De 
| = 0.98 


IE 
Se eieieee 
VOH —1.02! —0.84!] —0.98/ —0.81 |] —0.92|-—0.735! Vdc 
ae 


High Input Voltage | Viy | —1.17} —0.84] -1.13 
AC PARAMETERS | 

p 

t 


Propagation Delay d 
Data : . ; 2.2 0.5 
Select 4 : : 3.2 1.0 
Enable . : : ; 
r . . . 
f ; 


25 
5 

















Rise Time te 
Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in atest socket or mounted ona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 








3.2 1.0 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 18 


1 


FN SUFFIX 
PLCC 
20, CASE 775 





@ = Don't Care 


DIP 
PIN ASSIGNMENT 


Vcc 
Q2 


Q3 

D20 
D21 
D30 
D31 


Select 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





APPLICATION INFORMATION 


The MC10H159 is a quad two channel multiplexer with 
enable. It incorporates common enable andcommon data 
select inputs. The select input determines which data 
inputs are enabled. A high (H) level enables data inputs 


DO O, D1 O, D2 O, and D3 O. A low (L) level enables data 
inputs DO 1,D11,D21,andD3 1. Any change on the data 
inputs will be reflected at the outputs while the enable is 
low. Input levels are inverted at the output. 


LOGIC DIAGRAM 











Select 9 7 
DO1 5 nae 
ie —} m1 a0 
Si im 
Soca eal 
a 2 a1 
Enable 7 f 
D21 12 el) 
a | 15 2 
D3 1 10 
Pe 
a Ce 
Vcc Pin 16 
VEE Pin8 
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(AA) MOTOROLA 


12-BIT PARITY GENERATOR-CHECKER 


The MC10H160 is a 12-bit parity generator-checker, The output 
goes high when an odd number of inputs are high providing the 
odd parity function. Unconnected inputs are pulled to a logic low 
allowing parity detection and generation for less than 12 bits. The 
MC10H160 is a functional pin duplication of the standard 10K 
family part with 100% improvement in propagation delay and no 
increase in power-supply current. 


Propagation Delay, 2.5 ns Typical 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
_ PLCC 
20; CASE 775 


LOGIC DIAGRAM 


Power Dissipation, 320 mW Typical 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


Vec1 = Pin 1 
Vcc2 = Pin 16 
VeE=Pin8 





MAXIMUM RATINGS 


Vv 


Input Voltage (Vcc = 0) 





Output Current — Continuous 





























— Surge 
Operating Temperature Range TRUTH TABLE 
Storage Temperature Range — Plastic -55 to +150 
— Ceramic -55 to +165 Sum of 
High Level 
ELECTRICAL CHARACTERISTICS (Vee = —5.2 V +5%) (See Note) Inputs 
rT 7 
Characteristic Symbol Max jp Ode | 

















Power Supply Current IE 88 





Input Current High linH DIP 
Pins 3,5,7,10,12,14 391 
Pins 4,6,9,11,13,15 457 ASSIS en 





Input Current Low link 0.5 = 


High Output Voltage | VOH | —1.02; —0.84 
Low Output Voltage VOL. ¢-—1-95:| = 1,63 
High Input Voltage VIH ~1.17; —0.84} —1.13 
Low Input Voltage VIL 1,95) 1.48 |,= 1:95 


AC PARAMETERS 
Propagation Delay tod Te 34 : : 
Rise Time tr 0.55 1.5 0.55 
Fall Time tf 055 | 15 | 055 | 16: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 


NOTE: 
table, after thermal equilibrium has been established. The circuit is ina test socket or mounted ona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50 ohm resistor to -2.0 volts. 




















































Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(A) MOTOROLA 


BINARY TO 1-8 DECODER (LOW) 


The MC10H161 provides parallel decoding of a three bit binary 
word to one of eight lines. The MC10H161 is useful in high-speed 
multiplexer/demultiplexer applications. 

The MC10H161 is designed to decode a three bit input word to 
one of eight output lines. The MC10H161 output will be low when 
selected while all other output are high. The enable inputs, when 
either or both are high, force all outputs high. 

The MC10H1671 is a true parallel! decoder. This eliminates un- 
equal parallel path delay times found in other decoder designs. 
These devices are ideally suited for multiplexer/demultiplexer 
applications. 


Propagation Delay, 1.0 ns Typical . 
Power Dissipation, 315 mW Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 


TA 


dc 
dc 
; lout 50 A 
100 
a °C 
°C 
C 
















Output Current — Continuous 
— Surge 








a ae ee 


Tstg —55 to 150 
—55 to 165 ‘ 


ELECTRICAL CHARACTERISTICS (Vee = -—5.2 V +5%) (See Note) 


0° 2 75° 
Symboi 
5 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 



























Characteristic 





5° 
Min | Max | Min | Max | Min_| 

[Power Supply current] tg | — |e | — | 76 | — | e4 [ma 
Pinput Current High | tin | — | 406 | — | 275 | — | 276 | wa 
oe ae 
Low Output Voltage — 1.95 Vdc 
High Input Voltage 417 Vde 





275 


AC PARAMETERS 









Propagation Delay 
Data 
Enable . 






BARE 
6 2.0 0.65 2.1 

8 2.3 | 08 2.4 
a0 | 


0 
0 
, 
NOTE: : 


Each MECL 10KH series circuit has been designed to meet the dc specifications shown in - 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
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L SUFFIX 
CERAMIC PACKAGE 
CASE 620 







P SUFFIX 
PLASTIC PACKAGE 
CASE 648 






FN SUFFIX 
PLCC 
20; CASE 775 





LOGIC DIAGRAM 




















TRUTH TABLE 


BLE 
INPUTS OUTPUTS 


NA 
INP 
LE1 EO) [a1 {a2}as} oa] as] a6] a7 | 
H H H H 


eerIriricir|>| 


rrrzzzzzir|Q 


Ss a ae ig Coa a Ca a oe 
P ae hie Cae Sue Rao ep atl al 6, 
DT, Deo ee. LD 
LE ead: ey 
pe ilk Ces cigs Gn ed eo Oks Ges Ces © 
B ape ago GO meee Cae Cae Grae Gare aes 
eae adie Vers Saga Sig Sis a igs 9 





eerriricrrr [ol 


@ pjerrrrrerere 
Qyeerimreririrer 





DIP 
| PIN ASSIGNMENT 
Vcc1 
EO 
Q3 
Q2 
Q1 
Qo 
A 


VEE 


1 
1 2 
3 
4 
5 
6 
7 
| 8 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


MC10H161 


TYPICAL APPLICATIONS 


FIGURE 1 — HIGH SPEED 16-BIT MULTIPLEXER/DEMULTIPLEXER 


Control Sele tion 





1614131211109 8 76 54 32 10 


ill 


€1 se 
7 MC10H164 MC10H164 
a: ae po 
























































so 
so 
1 a 
oe s1  MC10H136 
Cr 
A B Cc D _ 
CRo— i 
£1 
c 
MC10H161 B MC10H161 
Start/Stop 
a 
1514131211109 8 76543210 


FIGURE 2 — 1-OF-64 LINE MULTIPLEXER 





The Bit chosen is dependent on six-bit 
code present on inputs 7, 9, 14 of the 
MC10H161 and the A, B, C inputs of 
the MC10H164. 
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(MM) MOTOROLA — -MC10H162 












BINARY TO 1-8 DECODER (HIGH) 


The MC10H162 provides parallel decoding of a three bit binary 
word to one of eight lines. The MC10H162 is useful in high-speed 
multiplexer/demultiplexer applications. 

The MC10H162 is designed to decode a three bit input word to 
one of eight output lines. The MC10H162 output will be high when 
selected while all other output are low. The enable inputs, when 
either or both are high, force all outputs low. 

The MC10H162 is a true parallel decoder. This eliminates un- 
equal parallel path delay times found in other decoder designs. 
These devices are ideally suited for multiplexer/demultiplexer 
applications. 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 









P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





16 
1 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 





@ Propagation Delay, 1.0 ns Typical 
e Power Dissipation, 315 mW Typical (same as MECL 10K) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 

















Characteristic 


TA 


Output Current — Continuous lout 50 m 
— Surge 100 


d 
d 
A 
Cc 
C 


Storage Temperature Range — Plastic Tstg —55 to 150 1 
— Ceramic —55 to 165 - 


TRUTH TABLE 


ELECTRICAL CHARACTERISTICS (Vee = —5.2 V +5%) (See Note) 





pEo[ Es] c] 8] a | aofas} a2] a3] a4] as] a6] a7| 
LJ] et L Ll L 


L L L L 


x 


eo | 
ee sin 
1. : 


a 


fo) 
Ww 


Unit 
mA 
pA 


ND 
sw 


SlCr rer er 
err er eee 
eeririiirrerrere 
S898 Lfirriiecr 
eerirdirirdg 
err rer ere ec 
cre rere rr Ss 
Preereeere ie 
reer crf ee 
rrerrPrirrieorc 
ePreerer tere 
Cr rhe reer 
erilrrrr ee 








cane 

ae 

; 5 

ne ee 

Pim a emer eerie 
VIL aaa 


@ = Don’t Care 





pA 
Vde 
Vde 
Vdc DIP 

PIN ASSIGNMENT 









Vdc 





Low Input Vottage | vy, | =1.98[-148]—1.95[ ~ 1.48] 1.95 148 


AC PARAMETERS 












Propagation Delay 
Pins 7, 9, 14 Only 
Pins 2, 15 Only 


tod 
0.7 2.0 0.7 2.1 0.8 2.5 
0.8 2.3 0.8 2.4 0.9 2.6 
[os | 18 [os | 19 | 06 | 20 | ne 
_ NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in atest socket 


or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 






N ] NM 
o;oO 





ON OO FP WwW DY 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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GS-c 


TYPICAL APPLICATIONS 


FIGURE 1 — HIGH SPEED 16-BIT MULTIPLEXER/DEMULTIPLEXER 


Control Selection 


p= an a 










so 


$1 MC10H136 


rpoonm 


MC10H164 
DO 


a | conned \ 
pas : 

a Gee cep. MC10H136 y, 
Cre 






& 7 5 | : 
-[F eo jl 
Clee BERS 
(sen see aeseae 
es a ee 


oe 
1614131211109 8 ; 7 





1614131211109 8 7654 3 2 10 


MC10H164 
DO 
s 
© 
a} 
[=] 
= a 
= 
ao 
NO 
EO 
MC10H162 | 
5 4 3 1 0 





(A) “MOTOROLA 


8-LINE MULTIPLEXER 


The MC10H164 is a MECL 10KH part which is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in propagation delay, and no increase in power 
supply current. 


The MC10H164 is designed to be used in data multiplexing and _ 
parallel to serial conversion applications. Full parallel gating pro-— 


vides equal delays through any data path. The MC10H164 incor- 
porates an output buffer, eight inputs and an enable. A high on 
the enable forces the output low. The open emitter output allows 
the MC10H164 to be connected directly to a data bus. The enable 
line allows an easy means of expanding to more than 8 lines 
using additional MC10H164’s. 


Propagation Delay, 1.0 ns Typical 
Power Dissipation, 310 mW Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


MAXIMUM RATINGS 


Symbol | Rating 
Power Supply (Vcc = 0) | Vee | -80t00 


0 to VEE 


Output Current — Continuous lout 
— Surge 


VEE | 
VI 
Operating Temperature Range 


Storage Temperature Range — Plastic T stg _ —55 to 150 
— Ceramic ~55 to 165 
Characteristic Symbol 


Power Supply Current 

Input Current High 

Input Current Low 
High Output Voltage VOH : 
Low Output Voltage 95} —1. 95|.-1. ; : 
High Input Voltage —0.84 | —1. -0. : —-0. | 
Low Input Voltage vit | —1.95| -1. -1.45 
AC PARAMETERS 


Propagation Delay 
Enable | 
Data 









Input Voltage (Vcc = 0) 






ey 
as 


Address 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater then 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 





a 
°C 








L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, ; CASE 775 


LOGIC DIAGRAM 


L L 
L H 
H L 
H H 
L L 
L H 
H L 
H H 
Pa 


@ = Don't Care 


| DIP | 
PIN ASSIGNMENT 


Vcc2 
Enable 


X3 
X2 
X1 
X0 

A 


VEE 























On OO fF WY 









Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


MC10H164 


TYPICAL APPLICATIONS 








FIGURE 1 — HIGH SPEED 16-BIT MULTIPLEXER/DEMULTIPLEXER 


Control Selection 








161413 1211109 8 76543210 


MC10H164 
FOO caf || 





















































so 
so 
$10 
$1 MC10H136 
CR 
A B 
oo = 
£0 EO 
MC10H161 , MC10H161 
Start/Stop MC10H162 MC10H162 

















1614131211109 8 ? 


FIGURE 2 — 1-OF-64 LINE MULTIPLEXER 


ABC 








fe) 
IMC10H164}—2"* 
ABC 
i ao ard Kae 
Dour 
MEIONSa 7 
MSB Qa? 
140 — aBC 
a6 é 
as 
D 
aa IMc10H aa 
90 IMC10H16 1193 
a2 
_ ABC 
Qi is 
70 LSB D 
IMC10H164) 2" 








The Bit chosen is dependent on six-bit 
code present on inputs 7, 9, 14 of the 
MC10H161 and the A, B, C inputs of 
the MC10H164. 





}C10H164 








(AA) MOTOROLA 


8-INPUT PRIORITY ENCODER 


The MC10H165 is an 8-Input Priority Encoder. This 10KH part 
is a functional/pinout duplication of the standard MECL 10K family 
part, with 100% improvement in propagation delay, and no 
increases in power-supply current. | 


e@ Propagation Delay, Data-to-Output, 2.2 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


Characteristic | Symbol | Rating | Unit 
Input Voltage (Vcc = 0) 0 to Veg 


Output Current — Continuous lout mA 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg -55 to + 150 °C 
— Ceramic -—55 to +165 


ELECTRICAL CHARACTERISTICS (Veg = -—5.2 V +5%) (See Note) 


Characteristic 


Power Supply Current 


Input Current High 
Pin 4 























pAdc 
320 320 
Data Inputs 370 370 


1 
[Low input Votege | vu, | —195] ~148] ~1.95] ~1.48] —1.95] 1.45 


AC PARAMETERS 


Propagation Delay 
Data Input — Output 
Clock Input — Output 


= 


Fall Time 





NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted on 
a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50-ohm resistor to —2.0 volts. 
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MC10H165 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 ip 


1 
FN SUFFIX 
PLCC 
20, CASE 775 


TRUTH TABLE 





nn 


rrrzrzrzzz|Q| 
crzzreeer(Q 
crzecrre | 
carczezezr|g| 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 











MC10H165 


8-INPUT PRIORITY ENCODER 





The MC10H165 is a device designed to encode eight 
inputs to a binary coded output. The output code is 
that of the highest order input. Any input of lower 
priority is ignored. Each output incorporates a latch 
allowing synchronous operation. When the clock is 
low the outputs follow the inputs and latch when the 
clock goes high. This device is very useful for a variety 
of applications in checking system status in controi 
processors, peripheral controllers, and testing systems. 


The input is active when high, (e.g., the three binary 
outputs are low when input D0 is high). The Q3 output 
is high when any input is high. This allows direct ex- 
tension into another priority encoder when more than 
eight inputs are necessary. The MC10H165 can also 
be used to develop binary codes from random logic 
inputs, for addressing ROMs, RAMs, or for multiplex- 
ing data. 


LOGIC DIAGRAM 


C4 


DO 5 


D2 13 


D3 10 


D4 11 


D5 12 


D6 9 


Pin 1 
Pin 16 
Pin 8 


Vcc1 
Vcc2 
VEE 





14 Q3 


Numbers at ends of terminals denote pin numbers for L and P packages. 





MC10H165 | 


APPLICATION INFORMATION 


_ Atypical application of the MC10H165 is the decod- — of 64 different system conditions, as represented at 
ing of system status on a priority basis. A 64-line prior- the encoder inputs, which has priority in determining 
ity encoder is shown in the figure below. System status the next system operation to be performed. The binary 
lines are connected to this encoder such that, when code showing the address of the highest priority input 
a given condition exists, the respective input will be present will appear at the encoder outputs to control 
at a logic high level. This scheme will select the one other system logic functions. ; 


64-LINE PRIORITY ENCODER 


o LSB 









( 
\ 
( 
i] 
Zz Zz ! 
t 
MC10H164 MC10H164 MC10H164 ‘ 
: ; ‘ Six bit output 
1/2 MC10H101 |xo...... X7ABC ee X7ABC - word yielding 
1 number o 
ae ae [ eee al ines i highest priority 
aa | et es a ieee ' channel present 
RESSSRS Gee 2h Cle at input 
saa peal - 
PEIOUIEY> i SS 8S HSE \ 
Input Sara Oe 5 s re] Qo ‘ 
S 


(IL 












tate 


© 
Lowest 
Priority 
Input 





(AA) MOTOROLA 


5-BIT MAGNITUDE COMPARATOR 


The MC10H166 is a 5-Bit Magnitude Comparator and is a func- 
tlonal/pinout duplication of the standard MECL 10K part with 100% 
improvement in propagation delay and no increase in power- 
supply current. 

The MC10H166 is a high-speed expandable 5-bit comparator 
for comparing the magnitude of two binary words. Two outputs 
are provided: A<B and A>B. The A=B function can be obtained 


by wire-ORing these outputs (a low level indicates A=B) or by 
wire-NORing the outputs (a high level indicates A=B). A high 
level on the enable function forces both outputs low. 


@ Propagation Delay, Data-to-Output, 2.0 ns Typical 
@ Power Dissipation 440 mW Typical 


e@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


Characteristic 


: 
100 
Operating Temperature Range =C. 


Storage Temperature Range — Plastic Tstg -55 to +150 
~— Ceramic -55 to +165 


Power Supply (Vcc = 0) 


Output Current — Continuous 
— Surge 












cm 
[360 
08 


350 


Cin 
=o 
0. 
; 
. 1. 


[Low input Voltage | vy, —1.85[ 148] 1.98! 


Propagation Delay 
Data-to-Output 








Enable-to-Output 
Fall Time 
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Min Man | Unit | 
meu ree 
ecco 


errs eas 
_| High Output Voltage | Voy | —1.02| -0.84| -0.98 | -0.81| -0.92|-0.735] vac | 
igh input Votage | vu [1.17] -04| 1.13] -o81| —1.07| 0.75] vac | 

14a] 196] 148 | vac | 








L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 ‘ 


1 
FN SUFFIX 
: PLCC 
20, CASE 775 


TRUTH TABLE 









Outputs 


je] a | 6 | a<s] ase | 






DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 











tt 


Al 
Bl 7 = — >» 

AO 5 Veci = Pin | 
BO 4— } > Vcc2'= Pin 16 
E 15 . Vee = Pin8 

NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the 
test tabie, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is main- 
tained. Outputs are terminated through a 50-ohm resistor to -2.0 volts: 


FIGURE 1 — 9-BIT MAGNITUDE COMPARATOR 


AO BOA1B1A2 B2A3B3A4B4 A5BSA6B6A7B7A8B8 













A2 A3 
B1 B2 B83 


MC10H166 


AS 
B4 


AO. 
BO 


Al 










MC10H166 









A>B A<B A>B A<B 


A>B A<B A=B 
For 9-Bit Word 


For longer word lengths, the MC10H166 can be se- respectively of the next device. The connection for an 


rially expanded or cascaded. Figure 1 shows two de- A = B output is also shown. The worst case delay time 
vices in a serial expansion for a 9-bit word length. The of serial expansion is equal to the number of compar- 
A >B and A <B outputs are fed to the AO and BO inputs _—_ ators times the data-to-output delay. 
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A19 
B18 


A18 
B17 


Al? 
B16 

A116 
B15 

A115 


B14 
Al4 
B13 
A113 
B12 
Al2 
B11 
All 
B10 
A10 


B9 
ASQ 

B8 
A8 

B7 
A7 

B6 
A6 

BS 
A5 


B4 
A4 
B3 
A3 
B2 
A2 
Bl 
Al 
BO 
AO 





MC10H166 





FIGURE 2 — 25-BIT MAGNITUDE COMPARATOR 











For shorter delay times than possible with serial ex- 
pansion, devices can be cascaded. Figure 2 shows a 
25-bit cascaded comparator whose worst case delay is 
two data-to-output delays. The cascaded scheme can 
be extended to longer word lengths. 
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(AA) MOTOROLA : MC10H171 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


DUAL BINARY TO 1-4-DECODER (LOW) 


The MC10H171 is a binary coded 2 line to dual 4 line decoder 
with selected outputs low. With either EO or E1 high, the corre- 


sponding selected 4 outputs are high. The common enable E, 


when high, forces all outputs high. _P SUFFIX 
PLASTIC PACKAGE 


CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


Propagation Delay, 2 ns Typical 
Power Dissipation 325 mW Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 


Voltage Compensated 
MECL 10K-Compatible 





LOGIC DIAGRAM 


MAXIMUM RATINGS 


Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous lout 50 mA 
— Surge 100 


Operating Temperature Range Ta 


Storage Temperature Range — Plastic 
— Ceramic 


[oe | =» | = | 
ri fae 
. paw 


Cin [ax | Min | Max [in 
rower Supply Curent] ie | — | 6 | — | 7 | — | 05 [ma], 
input Curent High [ny | — [405 [ — | 205 | — | 205 | oa | 
Tos 















> 


Vcci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


‘— 
3 


AC PARAMETERS 





DIP 
PIN ASSIGNMENT 





0.5 





Propagation Delay 
Data 
Select 


Fal! Time - 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





bear Pan 
re a he 
ae os 
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| MC10H171 | 


TRUTH TABLE 


re [em [ea 7 [019 | | oor 












> 











OQ ree SEE ae 
erezrzrla 
re ae ae 
(=) 
FE ae GAR CMe secu e 
om 
zazzrzz|2 
O 
— 
Ww 
a a Se ar EE 
TrIrTriéwms~Tt 


d@ = Don't Care 
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(MA) MOTOROLA 


DUAL BINARY TO 1-—4-DECODER (HIGH) 


The MC10H172 is a binary coded 2 line to dual 4 line decoder 
with selected outputs high. With either EO or E1 low, the corre- 
sponding selected 4 outputs are low. The common enable E, when 
high, forces all outputs low. . 


Propagation Delay, 2 ns Typical 
Power Dissipation 325 mW Typical (same as MECL 10K) 


Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 


Input Voltage (Vcc = 0) 0 to VEE 
TA 

















Output Current — Continuous lout 50 mA 
— Surge 100 


Storage Temperature Range — Plastic 
— Ceramic 


ee oa es 
[Power supply Curent] tg | — [5 |— | 7 | — | a | 


me 








z= 65 
input CurentLow {inn | 06 | — | os | — [os | — [oa 
V 






85 
i 26 
OH 
OL 


AC PARAMETERS 






Propagation Delay 


Data 


Select 


Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 












~ MC10H172 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
_ CASE 648 


FN SUFFIX 
| PLCC 
20; CASE 775 


16 


LOGIC DIAGRAM 


= Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 






DIP 
PIN ASSIGNMENT 









Pin assignment is for Dual-in-line Package. _ 
For PLCC pin assignment, see tables on page 1-31. 





| MC10H172 


TRUTH | TABLE 


ea eee 
eee [| » [ove[arforafars|ono[oni]onz| ana 





d = Don't ‘Care 
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(MM) MOTOROLA 


QUAD 2-INPUT MULTIPLEXER/LATCH 


The MC10H173 is a quad 2-input multiplexer with latch. This 
device is a functional/pinout duplication of the standard MECL 
10K part, with 100% improvement in propagation delay and no 
increase in power supply current. 

@ Data Propagation Delay, 1.5 ns Typical 


@ Power Dissipation, 275 mW Typical 


@ Voltage Compensated 
@ MECL 10K-Compatible 


@ Improved Noise Margin 150 mV (over 
operating voltage and temperature range) 





MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 














O to VEE Vdc 


Input Voltage (Vcc = 0) 











Operating Temperature Range 


Storage Temperature Range — Plastic a 
— Ceramic 
Characteristic seenet a ae 


Power Supply Current | te | 


Input Current High linH 
510 320 320 
Pin 9 475 300 300 
—1.95 














Pins 3-7 & 10-13 


AC PARAMETERS 


Propagation Delay 
Data 
Clock 
Select 


Set-up Time 
Data 


on 


Select 


Hold Time 
Data 
Select 


Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted on 
a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. 
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Output Current — Continuous ns mA 
— Surge 












MC10H173 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


_ P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
CASE 775 


TRUTH TABLE 


® = Don't Care 





DIP 
PIN ASSIGNMENT 


Vcc 
Q2 

} 03 
D20 
D21 
D30 
D31 


Select 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





MC10H173 


APPLICATION INFORMATION 


The MC10173 is a quad two-channel multiplexer with will be reflected at the outputs while the clock is low. 
latch. It incorporates common clock and common data The outputs are latched on the positive transition of the 
select inputs. The select input determines which data clock. While the clock is in the high state, a change in 
input is enabled. A high (H) level enables data inputs the information present at the data inputs will not affect 
DOO, D10, D20, and D30 and a low (L) level enables data the output information. 


inputs D01, D11, D021, 031. Any change on the data input 





LOGIC DIAGRAM 


C) 
Select 9 


1 QO 
— ty) 
Hy 
poi 5 
ae=4 
2 Q1 
D10 4 Te 
HS 
D11 3 
ops eaeeal 
165 Q 
oe His | > 
—_ EH. 
Clock 7 
Vcc = Pin 16 
VEE = Pin8 
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nal 





(MA) MOTOROLA 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





DUAL 4 TO 1 MULTIPLEXER 











The MC10H174 is a Dual 4-to-1 Multiplexer. This device is a func- 
tional/pinout duplication of the standard MECL 10K part, with 100% 
improvement in propagation delay and no increase in power supply 
current. 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 16 


1 


FN SUFFIX 
? PLCC 
20, CASE 775 


TRUTH TABLE 









@ Propagation Delay, 1.5 ns Typical 
@ Power Dissipation, 305 mW Typical 


@ Improved Noise Margin 150 mV (over operating voltage and 
temperature range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 



















MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 


Input Voltage (Vcc = 0) 0 to VEE Vde 


Output Current — Continuous 50 mA 
— Surge 100 


Operating Temperature Range 


Storage Temperature Range — Plastic Tstg ~ 55 to 150 °C 
— Ceramic — 55 to 165 °C 






















® = Don’t Care 














DIP 
PIN ASSIGNMENT 






Vcc2 
Q1 


Enable 

Input Current High 
Pins 3-7 & 9-13 
Pin 14 


Low Output Voltage ~1.95 | - 1.63| —1.95| —1.63| —1.95 | —1.60 | Vdc 
—1.17| -0.84| -1.13| —0.81| —1.07 | - 0.735] Vde 


AC PARAMETERS Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 







D10 









D12 









Propagation Delay 
Data 
Select (A, B) 





Enable 


Rise Time 


Fall Time 


NOTE: 

Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
- table, after thermal equilibrium has been established. The circuit is in a test socket or mounted on 

a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. Outputs 
- are terminated through a 50-ohm resistor to — 2.0 volts. 
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MC10H174 


LOGIC DIAGRAM 


X1 50 


X2. 40 


X3 60 


A 7 


B 90 





Enable 140 


YO 130 


Y¥1 110 


Y2 12 O 





Y3 100 


Vec1 = Pin 1 
Vcec2 = Pin 16 
Vee = Pin 8 


(A) MOTOROLA 


LL SUFFIX 
CERAMIC PACKAGE 
CASE 620 


QUINT LATCH 


The MC10H175 is a quint D type latch with common reset and 
clock lines. This MECL 10KH part is a functional/pinout duplication 
of the standard MECL 10K family part, with 100% improvement 
in propagation delay and no increase in power-supply current. 


@ Propagation Delay, 1.2 ns Typical 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 , 


FN SUFFIX 
PLCC 
20, CASE 775 


TRUTH TABLE 


@ Power Dissipation, 400 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 





e Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 


Characteristic Symbol | Rating 
Input Voltage (Vcc = 0) | ow | Oto VEE 


Output Current — Continuous lout mA 
— Surge 

°C 

oye 


@ = don’t care 


Operating Temperature Range 


VEE 
VI 
Storage Temperature Range — Plastic Tstg —55 to 150 
— Ceramic —55 to 165 


[Power Supply Curent] le s7 | — | 107 


Input Current High pA 
Pins 5,6,7,9,10,12,13 335 330 
Pin 11 660 660 


fe OS) ses 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





Propagation Delay ns 
Data : 1.6 0.6 1.6 0.6 1.7 
Clock : 1.9 0.7 2.0 0.8 2.1 
Reset : 2.2 1.0 2.3 1.0 2.4 
ners 


Hold Time 
Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table; after thermal equilibrium has been established. The circuit is in a test socket or mountedona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H175 


APPLICATION INFORMATION 


The MC10H175 is a high speed, low power quint latch. outputs while the clock is low. The outputs are latched on 
It features five D type latches with common reset and a the positive transition of the clock. While the clock is in 
common two-input clock. Data is transferred onthe the high state, a change in the information present at the 
negative edge of the clock and latched on the positive data inputs will not affect the output information. The 
edge. The two clock inputs are ‘‘OR’’ed together. reset input is enabled only when the clock is in the high 
Any change on the data input will be reflected at the state. 


LOGIC DIAGRAM 








DO 10 14Q0 

D112 15Q1 

D213 2Q2 

as a i 
ex 

D4 5 404 

CO 6 > Ea 

C17 fae 

Reset 11 


Veci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 
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(A) MOTOROLA 


_HEX “D” MASTER-SLAVE FLIP-FLOP 


The MC10H176 contains six master slave type “’D”’ flip-flops 
with a common clock. This MECL 10KH part is a functional/pinout 
duplication of the standard MECL 10K family part, with 100% 
improvement in clock frequency and propagation delay and no 
increase in power-supply current. 


@ Propagation Delay, 1.7 ns Typical 
@ Power Dissipation, 460 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 


~ MAXIMUM RATINGS 
Characteristic 

Power Supply (Vcc = 0) 

Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
~—— Ceramic 
Symbol 


Power Supply Current | oe | 


Input Current High 
Pins 5,6,7,10,11,12 
Ping 


Propagation Delay | toa | 09 | 21 | 
Hold Time thold | 0.9 | 


Toggle Frequency 250 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted ona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
’ ‘terminated through a 50-ohm resistor to -2.0 volts." | as 7 
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MC10H176 


L SUFFIX 
CERAMIC PACKAGE 
. CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 


1 


FN SUFFIX 
PLCC 
20; CASE 775 


CLOCKED TRUTH TABLE 


@ = Don't Care 


*A clock H is a clock transition 
from a tow to a high state. 





DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





MC10H176 


APPLICATION INFORMATION 


The MC10H176 contains six high-speed, master slave change only on a positive-going Clock transition. Achange 
type ‘‘D” flip-flops. Data is entered into the master when in the information present at the data (D) input will not 
the clock is low. Master-to-slave data transfer takes place affect the output information any other time due to the 
on the positive-going Clock transition. Thus, outputs may master-slave construction of this device. 

LOGIC DIAGRAM 





Q0 


Q1 


Q2 


Q3 


Q4 


Q5 





Clock 


Vec1 = Pin1 
Vcc2 = Pin 16 
VEE = Pin8 
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(MA) MOTOROLA | 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOOK-AHEAD CARRY BLOCK 


The MC10H179 is a functional/pinout duplication of the standard 
MECL 10K part, with 100% improvement in propagation delay 
and no increase in power supply current. 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; . CASE 775 


DIP 
PIN ASSIGNMENT 


@ Power Dissipation, 300 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 



















MAXIMUM RATINGS 


Input Voltage (Vcc = 0) 0 to Veg 
Tp . 






























Output Current — Continuous lout 
— Surge 


Storage Temperature Range — Plastic Tstg -55 to +150 
— Ceramic -55 to +165 


Power Supply Current 


Input Current High 
Pins 5 and 9 
Pins 4, 7 and 11 

Pin 14 

Pin 12 

Pins 10 and 13 


| High Output Voltage 
Low Output Voltage | Vou. 







Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 














AC PARAMETERS 


tree Be Roe 
P to Pg 0.4 04 | 15 
G, P, Cy to 
Cy or GG 0.6 0.7 | 2.4 
[Risctime | 4 [os | 17 [os | 18 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in atest socket 
or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is main- 
tained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 





v276 


MC10H179 


LOGIC DIAGRAM 





G35 } 
P3 13 
(22-3 — ah oe son 
G2 9 (ran Ow eee 3 Cnh.4 
2 Ge eS ee, 
i ae | HL 
eee = : ite 2 GG 
i iil 
a ee ee 
es erm a 
Cy 11 i ARES > 
Ett tn 
ilies 15 PG 
G1 7 i } 
P11 a 2 
ae Geta } em 8 Cn.2 
F 2 Vcci1 = Pin1 
PO 14 aay, Vcc2 = Pin 16 
Vee = Pin8 
PG = PO + P1 + P2 + P3 
GG = (GO + P1 + P2 + P3) (G1 + P2 + P3) (G2 + P3) G3 
Chi2 = (Cy + PO + P1)(GO + P1) G1 


Cni4 = (Cp + PO + P1 + P2 + P3) (GO + P1 + P2 + P3) (G1 + P2 + P3) 
(G2 + P3) G3 


TYPICAL APPLICATIONS 


The MC10H179 is a high-speed, low-power, standard a 16-bit look-ahead carry arithmetic unit. Second order 
MECL complex function that is designed to perform the carry is valuable for longer binary words. As an example, 
look-ahead carry function. This device can be used with addition of two 32-bit words is improved from 30 nano- 
the MC10H181 4-bit ALU directly, or with the MC10H180 seconds with ripple-carry techniques. A block diagram 
dual arithmetic unit in any computer, instrumentation or © of a 32-bit ALU is shown in Figure 1. The MC10H179 
digital communication application requiring high speed may also be used in many other applications. It can, for 
arithmetic operation on long words. example, reduce system package count when used to 

When used with the MC10H181, the MC10H179 per- generate functions of several variables. 


forms a second order or higher look-ahead. Figure 2 shows 


FIGURE 1 — 32-BIT ALU WITH CARRY LOOK-AHEAD 








Cc; Add Time = 
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18 ns typ 







Cn+2 
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FIGURE 2 — 16-BIT FULL LOOK-AHEAD CARRY ARITHMETIC LOGIC UNIT 
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a MC10H181 ae MC10H181 i MC10H181 = MC10H181 
4-BIT ARITHMETIC 4-BIT ARITHMETIC 4-BIT ARITHMETIC 4-BIT ARITHMETIC 
LOGIC UNIT LOGIC UNIT $1 LOGIC UNIT 


LOGIC UNIT 





P1 G1 P2 G2 P3 G3 


MC10H179 
CARRY LOOK-AHEAD 
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(MA) MOTOROLA 


DUAL 2-BIT ADDER/SUBTRACTOR 


The MC10H180 is a high-speed, low-power, general-purpose 
adder/subtractor. It is designed to be used in special! purpose 
adders/subtractors or in high-speed multiplier arrays. 

Inputs for each adder are Carry-in, Operand A, and Operand B; 
outputs are Sum, Sum and Carry-out. The common select inputs 
serve as a control line to Invert A for subtract, and a control line 
to Invert B. 


@ Propagation Delay, 1.8 ns Typical, Operand and Select to Output 
@ Power Dissipation, 360 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
e MECL 10K-Compatible 


MAXIMUM RATINGS 


Input Voltage (Vcc = 0) Oto Veg 
m 
: Qo 


dc 

dc 

Output Current — Continuous A 
— Surge 

C 

id 

°C 


pos [re 
-55 to +150 
-55 to +165 
nit 


Max | Uni 
95 | ma 
pA 


_Min_| Max | Min | Max | Min | 
ere eee ee 
515 320 320 
410 255 255 

pos | — | o5 | — | 03 | 


7 
Pecinet Su 
a|-0 













Input Current High 
Pins 4, 12 
Pins 7,9 

Pins 5, 6, 10, 11 





0. 
V 81| -0.92 Vde 

High Input Voltage Mie | =107) —0.84 Vdc 
FLow input vottage (| vu [1.98] -148 [1.95] 1.48] 1.96] —1.45 | ve | 
d 

r 

tf 





AC PARAMETERS 


Propagation Delay tp 
Operand to Output 
Select to Output 
Carry-in to Output 


Rise Time 05 


Fall Time ogeee 
NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in atest socket 
or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is main- 
tained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 


209 





MC10H180 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 





Vcc = Pin 16 
VeE= Pin 8 


Positive Logic Only 

A © Sela = A@Sela 

B ® Selg = BOSelg 
Cin (A’ B’ + A’ B’) + 
Cin(A’ B’ + A’ B’) 

= CjnA’ + Cin B' + A’ B' 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





° 
00 
= 
< 
r) 
- 
oO 
= 





TRUTH TABLE 


INPUTS 
rencno aa [8] | 


FUNCTION SELECT TABLE 


Sela [Seip [ Function 





oADTTrsas sti ITrTs rsa ria4 


a]~TTrH Tass TFiT4ss Ty rTr4 


aA Tra rFrsasat 


Jszazszozlsrorsziz 


“+a rrsuwrtT 





Joa toast rrrssa4sttrirle 


FEEEEEEE|s3 135355 
eee eee 


REVERSE 
SUBTRACT 





eacron az [aia [a [Ea 0 | |G 


poe oes 





x 
ATTss Trias rIrTrsiurtr 
at 


- ~oXTTrjsa444 trTre 
ee 


HH 
SUBTRACT Hl 








S = 0 minus A minus B 


[PH | L |S =AminusB 
| Lo} H |S =BminusA 
L 
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(AA) MOTOROLA 


4-BIT ARITHMETIC LOGIC UNIT/ 
FUNCTION GENERATOR 


The MC10H181 is a high-speed arithmetic logic unit capable of 
performing 16 logic operations and 16 arithmetic operations on 
two four-bit words. Full internal carry is incorporated for ripple 
through operation. 

Arithmetic logic operations are selected by applying the appro- 
priate binary word to the select inputs (SO through S3) as indicated 
in the tables of arithmetic/logic functions. Group carry propagate 
(PG) and carry generate (GG) are provided to allow fast operations 
on very long words using a second order look-ahead. The internal 
carry is enabled by applying a low level voltage to the mode 
control input (M). 

When used with the MC10H179, full-carry look-ahead, as a sec- 
ond order look-ahead block, the MC10H181 provides high-speed 
arithmetic operations on very long words. 

This 10KH part is a functional/pinout duplication of the standard 
MECL 10K family part with 100% improvement in propagation 
delay and no increase in power supply current. 


@ Improved Noise Margin, 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated @ MECL 10K -Compatible 





MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 


input Voltage (Vcc = 0) 


Output Current — Continuous 


— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 


—55.to + 150 


— Ceramic —55 to +165 


LOGIC DIAGRAM 


13, — 


15 





FUNCTION SELECT TABLE 


Logic Functions 


Function Select | Mis High C = D.C. 
SO S1 S2 S3 S3 $2 S1 SO F F 


Arithmetic Operation 
Mistow Cy, is low 
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‘minus 1 (two's complement) 





MC10H181 


LP 


LW SUFFIX 
CERAMIC PACKAGE 
CASE 623 


P SUFFIX 
PLASTIC PACKAGE 
CASE 724 


FN SUFFIX 
PLCC 
CASE 776 


PW SUFFIX 
PLASTIC PACKAGE 
CASE 649 


L SUFFIX 
CERAMIC PACKAGE 
CASE 758 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 














$3 13 o 
$2 15 O 
$117 0 


$0 14 0 


BO 20 o 


| AO 21 


B119 0 


A118 o— 


B2 11 0 


A216 0 


ies) 
Ww 
© 


A3 10 © 


LOGIC DIAGRAM 
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AC PARAMETERS 





















Power Supply Current fect = |e | 682]: Fe 
Input Current High linH 
Pin 22 
Pins 10,16,18,21 
Pins 9,11,19,20 
Input Current Low link 0.5 
Pins 9-11, 13-22 
High Input Voltage 0.735 
Low Input Voltage | vm | -1.98 | -148 | -1.95 | -1.48 | -1.95 | 1.45 | 
NOTE: 
Outputs are terminated through a 50-ohm resistor to — 2.0 volts. 
AC Switching Characteristics 
Conditionst | Min | 
Ch Ch+4 A0,A1,A2,A3 : 
Ch Cnh+4 A0,A1,A2,A3 : 
Ch 
Ch 
Cy 
Al 
Al 
Al 
P 
P 
G ' 
G ’ 


Characteristic Symbol 


Propagation Delay t++,t-- 
Rise Time, Fall Time t+,t- 


Propagation Delay 





Rise Time, Fall Time 





Propagation Delay 














Rise Time, Fall Time 
Propagation Delay tt+,t-- 
Rise Time, Fall Time t+,t- 


Symbol 
Pins 13,15,17 
Low Output Voltage VOL -1.95 -1.63 -1.95 -1.63 ~1.60 
established. The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. 
A ; 
1.0 3. 1.0 3.0 1.2 
0.7 2. 0.7 2.2 0.7 
$0,S3 : 
i S0,S3 ; 
Propagation Delay t++,t-- 
Rise Time, Fall Time tt4— 


ELECTRICAL CHARACTERISTICS (Veg = —5.2 V +5.0%) (See Note) 
Pins 14,23 
High Output Voltage VoH 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been 
0 





F1 
FI 
F1 
F1 
FI 
F1 
G 
G 
G 
G 
FI 
F 


0.7 
0.6 
1.5 
0.7 
i 1.5 
; i 0.9 
i A0,A2,A3,Cy 1.5 
' A0,A2,A3,Cy 0.7 
Propagation Delay ie Re Me a A Ch+4 A0,A2,A3,Cy 1.5 
Rise Time, Fall Time . te,t= A Ch+4 A0,A2,A3,Cy 0.5 
Propagation Delay t++,t-+, $3,Cy 2.0 
Rise Time, Fall Time Pe t= $3,Cy 0.7 
Propagation Delay tt PG S0,A1 1.5 
Rise Time, Fall Time teat PG S0,A1 0.7 
Propagation Delay tty t= = GG $3,Cy 1.5 
Rise Time, Fall Time tt, t= GG $3,Cy 0.7 
Propagation Delay an i Poe Ch+4 $3,Ch 2.0 
Rise Time, Fall Time ta, t= Cnh+4 $3,Ch 0.5 
Propagation Delay 1 “tks tS F1 1.5 
Rise Time, Fall Time t+,t- F1 0.8 
Propagation Delay ee foe F1 A1,B1 1.5 
Rise Time, Fall Time t,t F4 A1,B1 0.7 
Propagation Delay ters PG A3,B3 1.5 
Rise Time, Fall Time | Be a ge A3,B3 0.7 
Propagation Delay tet + Cnh+4 A3,B3 1.5 
Rise Time, Fall Time er om Cnh+4 A3,B3 0.7 
Propagation Delay tS] 12 4 GG A3,B3 1.3 
Rise Time, Fall Time =~ t+,t- GG A3,B3 0.5 
tLogic high level (+ 1.11 Vdc) applied to pins listed. All other 


input pins are left floating or tied to +0.31 Vdc. 
Vec1 = Vcc2 = +2.0 Vde, Veg = —3.2 Vde 













Al 
Al 
Al 
Al 

1 

1 
B1 
B1 
Bi 
B1 
B1 
B1 
Bi 
B1 
Si 
$1 
$1 
$1 





$1 
$1 
$1 
S1 








(AA) MOTOROLA © __ MC10H186 


L SUFFIX 
HEX “D’” MASTER-SLAVE FLIP-FLOP WITH RESET 


CERAMIC PACKAGE 
CASE 620 
The MC10H186 is a hex D type flip-flop with common reset and 
clock lines. This MECL 10KH part is a functional/pinout duplication 
of the standard MECL 10K family part, with 100% improvement 
in clock toggle frequency and propagation delay and no increase 
in power-supply current. 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 ; 


FN SUFFIX 
PLCC 
20, CASE 775 


CLOCKED TRUTH TABLE 


@ Propagation Delay, 1.7 ns Typical 
@ Power Dissipation, 460 mW Typical 


e@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 





® Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 


Characteristic 





Power Supply (Vcc = 0) 





input Voltage (Vcc = O) 


Output Current — Continuous 
' — Surge @= Don't Care 
*A clock Hisa clock transition 


O eratin Temperature Range — . 
2 : 2 from a low toa high state. 


Storage Temperature Range — Plastic 
— Ceramic 












DIP 
PIN ASSIGNMENT 


Input Current High 
Pins 5,6,7,10,11,12 - 
Pin 9 
Pin 1 


05 | — | 05 | — | 03 
AC PARAMETERS ~ > 








Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


a 
Fall Time tf 


Toggle Frequency 


Reset Recovery Time 
(t1-9+) 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in atest socket or mountedona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 
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MC10H186 


APPLICATION INFORMATION 


The MC10H186 contains six high-speed, master slave sition. A change in the information present at the data 
type “D” flip-flops. Data is entered into the master when (D) input will not affect the output information any other 
the clock is low. Master-to-slave data transfer takes time due to the master-slave construction of this device. 
place on the positive-going Clock transition. Thus out- A common Reset is included in this circuit. The Reset 
puts may change only on a positive-going Clock tran- only functions when the clock is low. 





LOGIC DIAGRAM 


D3 13. Q3 


D4 14 Q4 


D5 15 Qs 
Clock 9 





Reset 1 


Vcc = Pin 16 
VEE = Pin8 
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(AA) MOTOROLA 


HEX BUFFER WITH ENABLE © 


The MC10H188 is a high-speed Hex Buffer with a common Ena- 
ble input. When Enable is in the high-state, all outputs are in the 
low-state. When Enable is in the low-state, the outputs take the 
same state as the inputs. . 

This MECL 10KH part is a functional/pinout duplication of the 
standard MECL 10K family part, with 100% improvement in prop- 
agation delay and no increase in power-supply current. 


@ Propagation Delay, 1.3 ns Typical Data-to-Output 
e@ Power Dissipation 180 mW Typ/Pkg (No Load) 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


e Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


VEE 
TA 
Storage Temperature Range — Plastic Tstg 
— Ceramic 
Characteristic Symbol 


Characteristic 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 











a 
= 
~ 







iin 

eet Se 
Mined Conse (ov) nic Obs | ee coe) eile | 
AC PARAMETERS . 


Propagation Delay 
Enable : : 
Data . 0.7 


[Rise time | | o7 | 24 | 07 | 24 | o7 | 24 | ne 
[atime | «| o7 | 24 | o7 | 24 | 07 | 24 | ns 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in atest socket or mountedona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50 ohm resistor to -2.0 volts. 
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MC10H188 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 ; 


FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM 


t 
Out, 


Vcci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


91 |Common 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 





MOTOROLA _ MC10H189 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


HEX INVERTER WITH ENABLE 


The MC10H189 is a Hex Inverter with a common Enable input. 
The hex inverting function is provided when Enable is in the low- 
state. When Enable is in the high-state, all outputs are low. 

This MECL 10KH part is a functional/pinout duplication of the 
standard MECL 10K family part, with 100% improvement in prop- 
agation delay and no increase in power-supply current. 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 16 


@ Propagation Delay, 1.3 ns Typical Data-to-Output 


1 
FN SUFFIX 
a ae 20 CASE 
@ Power Dissipation 180 mW Typ/Pkg (No Load) : — 
e@ Improved Noise Margin 150 mV (Over Operating Voltage and 


Temperature Range) 
Voltage Compensated | LOGIC DIAGRAM | 
MECL 10K-Compatible 90% | 


Out 





MAXIMUM RATINGS 








Characteristic 
Power Supply (Vcc = O) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 





Operating Temperature Range 





15 
Storage Temperature Range — Plastic -55 to +150 


— Ceramic -55 to +165 


Min | Max | Min | Max 
[Power Supply current] te | — | 46 | — | #2 
input Curent High | tin | — | 496 | — | 210” 
[Input Current ow | tin, | os | — | 05 | — | 03 | — | a | 
IH , Vdc 
IL 


TRUTH TABLE 





















| 735) Vae_ 


High Input Voltage ~1.13| —0.81| — 1.07 |— 0.735 
Low Input Voltage —1.95| —1.48} —1.95 
Enable 


tod ns 
0.7 2.2 0.7 2.2 0.7 2.3 
Data 0.7 1.9 0.7 1.9 0.7 1.9 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown In the test 
table, after thermal equilibrium has been established. The circuit is in atest socket or mounted ona 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50 ohm resistor to -2.0 volts. 9 a al Common 








AC PARAMETERS 






Propagation Delay 









Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(AA) MOTOROLA - MC10H209 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


DUAL 4-5-INPUT OR/NOR GATE 


The MC10H209 is a Dual 4-5-input OR/NOR gate. This MECL 
part is a functional/pinout duplication of the MECL III part MC1688. se Ree 


CASE 648 16 


Propagation Delay Average, 0.75 ns Typical 


1 


FN SUFFIX 
| PLCC 
20; CASE 775 


Power Dissipation 125 mW Typical 


Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


Voltage Compensated 
MECL 10K-Compatible 





LOGIC DIAGRAM 





MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 
. — Ceramic -55 to +165 
i | Min | Max | Min 
| Power Supply Current] te | — | — | — | 30 | 
| — | 40 | — | 
Ce! 


Input Current High 
Input Current Low 


AC PARAMETERS 
: 
: 


NOTE: 

Each MECL 10KH series circuit has been designed to meet the dc specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lfpm 
is maintained. Outputs are terminated through a 50 ohm resistor to ~-2.0 volts. 


























DIP 
PIN ASSIGNMENT 











Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


02-88 © 


Vis ee ok 


(AA) MOTOROLA 


L SUFFIX 
CERAMIC PACKAGE 
DUAL 3-INPUT 3-OUTPUT “OR” GATE CASE 620 


The MC10H210 is designed to drive up io six iransmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire “‘OR’’-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 


agation delay from a single point makes the MC10H210 particu- sil EN SUFFIX 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


larly useful in clock distribution applications where minimum PLCC 
clock skew is desired. CASE 775 


Propagation Delay, 1.0 ns Typical 
Power Dissipation, 160 mW Typical 


Improved Noise Margin 150 mV (Over Operating Voltage and 


Temperature Range) LOGIC DIAGRAM 


Voltage Compensated 
MECL 10K-Compatible 





MAXIMUM RATINGS 
Characteristic 

Power Supply (Vcc = 0) 

Input Voltage (Vcc = O) Vceci = Pins 1, 15 

Vcc2 = Pin 16 

VEE = Pin8 


Output Current — Continuous 
— Surge 


Operating Temperature Range 





DIP 
PIN ASSIGNMENT 








ae ee ee ee 
Min | Max | Min | Max | Min | 
Pal es 

| 720 | 








Uni 


2 | ma 
45 


S. 
Pe 


P= a 
inne Curent usw | im, | 05 | — | op | — | ca | 


it 
> 


cs 
Boal 
, ped 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted ona 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 


Note: If crosstalk is present, double bypass capacitor to 0.2yF. 
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| (AA) ‘MOTOROLA 


DUAL 3-INPUT 3-OUTPUT 
“NOR” GATE 


The MC10H211 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire “‘OR’’-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10H211 particu- 


larly useful in clock distribution applications where minimum 
clock skew is desired. 


e@ Propagation Delay, 1.0 ns Typical 
@ Power Dissipation, 160 mW Typical 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 
Characteristic 

Power Supply (Vcc = 0) Veg 

Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
'  — Ceramic 















‘input curantLow | in | os | — [os | — [os | — [aa 


Fall Time 





NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted on a 
printed circuit board and transverse air flow greater then 500 linear fpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 voits. i 

Note: If crosstalk is present, double bypass capacitor to 0.2yF. 








— MC10H211 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 se 


FN SUFFIX 
, PLCC 
20, ’ CASE 775 


LOGIC DIAGRAM 


Vec1 = Pins 1, 15 
Vcec2 = Pin 16 
Vee = Pin8 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 





‘For PLCC pin assignment, see tables on page 1-31. 


(AA) MOTOROLA 


Advance Information | speci 


CERAMIC PACKAGE 
CASE 620 


DUAL 4-BIT PARITY CHECKER PLUS 
2-BIT EXCLUSIVE OR GATE 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


The MC10H301 produces a fast, dual, 4-bit parity checker plus 
a 2-bit exclusive OR gate. This device is primarily used in parity 
checking, parity generation and error detection and correction 
circuits. For example, in mainframe and add-on memory systems, 
a 64-bit Error Detection and Correction Unit (EDCU) can be 


16 
1 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


designed by using 4-MC10905’s (16-bit EDCU) and 3-MC10H301's. 
The H301’s are used in generating the syndrome and check bits 
(See MC10905 data sheet). 

e Propagation Delay, 1.5 ns Typical 


e Improved Noise Margin 150 mV (Over Operating 
Voltage and Temperature Range) 





e Voltage Compensated 
e@ MECL 10K-Compatible 





MAXIMUM RATINGS 


Output Current — Continuous = 
— Surge ‘a 


Operating Temperature Range | Ta] Oto +75. | 


Storage Temperature Range — Plastic Tstg 55 10+ 150 
_. —= Ceramic —55 to +165 TRUTH TABLE 


ELECTRICAL CHARACTERISTICS me ee 5.2 V +5%) (See Note) 

qaneny 
Level Inputs a a 14,15 
Characteristic _— i 
Input Current High = 440 
Pins 3,4,5,6,7,9,10, 
11,12,13 
High Output Voltage 





















Vcc1 
Vcc2 
VEE 




















DIP 
PIN ASSIGNMENT 







Low Input Voltage 


AC PARAMETERS 












Pon 
mre 


Propagation Delay 
Pins 3,4,5,6,10, 
11,12,13 0.6 0.6 2.3 0.6 2.4 
Pins 7,9 0.4 0.4 1.9 0.4 2.0 
NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc specifications showin} in the test table, 
after thermal equilibrium has been established. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 Ifpm i is maintained. Outputs are terminated through 
a 50 ohm resistor to — 2.0 volts. 


Pin assignment is for Dual-in-line Package. 
This document contains information on a product under development. Motorola reserves the right to For PLCC pin assignment, see tables on page 1-31. 
change or discontinue this product without notice. 
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_ MC10H302 . 


(AA) MOTOROLA 


Advance Information 7 aura 


CERAMIC PACKAGE 
CASE 620 


DUAL 6-4 INPUT PARITY CHECKER 


The MC10H302 produces a fast, 6-bit and a 4-bit parity checker. 
This device is primarily used in parity checking, parity generation 
and error detection and correction circuits. For example, in main- 
‘frame and add-on memory systems, an 88-bit Error Detection and 
Correction Unit (EDCU) can be designed by using 6-MC10905’s 
(16-bit EDCU) and 6-MC10H302’s with four 4-bit parity checkers 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 i 


FN SUFFIX 
} PLCC 
20; CASE 775 


LOGIC DIAGRAM 


left over. The H302’s are used in generating the syndrome and 
check bits (See MC10905 data sheet). 


@ Propagation Delay, 1.5 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating 
Voltage and Temperature Range) 





@ Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 


Symbol_| Rating _| 
Power Supply (Vcc = 0) 
Input Voltage (Vcc = 0) 0 to VEE 















| Unit | 

3 

| OtoVee | Vdc | 

baie — a I ME 
— Surge 


| 
Operating Temperature Range . 


Storage Temperature Range — Plastic Tstg —55 to + 150 
~— Ceramic —55 to + 165 
Characteristic 


Power Supply Current 


Input Current High 
Pins 3,4,5,6,7,9,10, 
11,12,13 


VoL . 
-0.84 | 
Vit 

AC PARAMETERS 


Propagation Delay 
Pins 7,9,10,11,12,13 





Vcc2 
VEE 


TRUTH TABLE 


Level Inputs 
[oa sigh 


DIP 
PIN ASSIGNMENT 





Pins 3,4,5,6 


Rise & Fall Times 


NOTE: — 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, 
after thermal equilibrium has been established. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated through 
a 50 ohm resistor to — 2.0 volts. 





This document contains information on a product under development. Motorola reserves the right to 
change or discontinue this product without notice. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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(AA) MOTOROLA 


Advance Information 


DUAL 5-BIT PARITY CHECKER 


The MC10H303 produces a fast, dual, 5-bit parity checker. This 
device is primarily used in parity checking, parity generation and 
error detection and correction circuits. For example, in mainframe 
and add-on memory systems, a 76-bit Error Detection and Cor- 
rection Unit (EDCU) can be designed by using 5-MC10905’s (16-bit 


EDCU) and 4-MC10H303’s. The H303’s are used in generating the 
syndrome and check bits (See MC10905 data sheet). 


@ Propagation Delay, 1.5 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating 
Voltage and Temperature Range) 


e Voltage Compensated 
@ MECL 10K-Compatible 





MAXIMUM RATINGS 





Input Voltage (Vcc = 0) 


Output Current — Continuous lout 50 mA 
— Surge 100 


Operating Temperature Range Oto +75 


Storage Temperature Range — Plastic Tstg —55 to + 150 °C 
— Ceramic ~55 to +165 
ee eS 
Characteristic Symbol 
5 5. 




























— 62 









Pax | Min [ Max | Min | Max 
[Power Supoly Curent] ig _| 64 — | -e2[ — | -c«] — [nade 
i 
=a eee ee 
[084] —098 | -081]| -092]| ~0785 


Input Current High linH Adc 
Pins 3,4,5,6,7,9,10, 
11;12;13 
Input Current Low 0.5 pAdc 
High Output Voltage | VoH | —1.02| —0.84 —0.81 —0.735| Vde 
tr 


AC PARAMETERS 





| 


NOTE: 

Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, 
after thermal equilibrium has been established. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated through 
a 50 ohm resistor to — 2.0 volts. 


This document contains information on a product under development. Motorola reserves the right to 


change or discontinue this product without notice. 








L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 


PLASTIC PACKAGE 


CASE 648 : 


FN SUFFIX 
| PLCC 
20, CASE 775 


LOGIC DIAGRAM 


TRUTH TABLE 


INPUT OUTPUT 


Sum of High Pins 
Level Inputs 2,15 


Vcc1 
Vcc2 
VEE 


ee 


DIP 
PIN ASSIGNMENT 


*N.C. = No Internal Connection 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





(AA) MOTOROLA |  MC10H304 


Advance Information 


8-BIT/DUAL 4-BIT PARITY CHECKER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


oO — am 
omar 
= 
i\ 
— 


= 
= 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


The MC10H304 produces a fast, 8-bit parity checker including 
a 4-bit parity check on each of the two 4-bit nibbles. This device 
is primarily used in parity checking, parity generation, and error 
detection and correction circuits. For example, in mainframe and 
add-on memory systems, a 96-bit Error Detection and Correction 
Unit (EDCU) can be designed by using 7-MC10905’s (16-bit EDCU) 
and 6-MC10H304’s and 1-MC10H301. The H301 is used in gen- 
erating the syndrome and check bits (See MC10905 data sheet). 


@ Propagation Delay, 1.5 ns Typical 


@ Improved Noise Margin 150 mV (Over Operating 
Voltage and Temperature Range) 


16 


FN SUFFIX 
PLCC 
CASE 775 


LD) 
4 
_ 





LOGIC DIAGRAM 


@ Voltage Compensated 
@ MECL 10K-Compatible 


‘ 





MAXIMUM RATINGS 


Characteristic 


Power Supply (Vcc = 0) 


Output Current — Continuous lout mA 
— Surge os 
Storage Temperature Range — Plastic —55 to +150 
— Ceramic —55to +165 TRUTH TABLE 

ELECTRICAL CHARACTERISTICS (Ver = —5.2 V +5%) (See Note) INPUT 
Sum of High — Pins | 

Level Inputs 2, 14, 15 

Even 

















Vcc1 
Vcc2 
VEE 












Input Current High 
Pins 3,6,10,13 
Pins 4,5,11,12 


Input Current Low 0.5 0.3 


DIP 
PIN ASSIGNMENT 


96 | ~163] 1.95 | ~1.60] vee | 





Propagation Delay 
Pins 3,6,10,13 to 2,15 
Pins 4,5,11,12 to 2,15 


Pins all to 14 





NOTE: 

Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted on 
a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 


terminated through a 50 ohm resistor to — 2.0 volts. *NDC.=-No daternal Connection 


Pin assignment is for Dual-in-line Package. 


This document contains information on a product under development. Motorola reserves the right For PLCC pin assignment, see tables on page 1-31. 


to change or discontinue this product without notice. 
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(AA) MOTOROLA 


QUAD BUS DRIVER/RECEIVER WITH 2-TO-1 
OUTPUT MULTIPLEXERS 


The MC10H330 is a Quad Bus Driver/Receiver with two-to-one 
output multiplexers. These multiplexers have a common select 
and output enable. When disabled, (OE = high) the bus outputs 
go to —2.0 V. Their output can be brought to a low state (Vo_) 
by applying a high level to the receiver enable (RE = High). The 
parameters specified are with 25 0 loading on the bus drivers 


and 50 2 loads on the receivers. 
e Propagation Delay, 1.5 ns Typical Data-to-Output 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


@ Voltage Compensated 
@ MECL 10K-Compatible 


MAXIMUM RATINGS 


Power Supply (Vcc = 0) 


Input Voltage (Vcc = 0) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 
sa 


Power Supply Current] le | 


Input Current High linH 
Pins 5-8, 17-20 
Pins 16, 21 
Ping 


Input Current Low 
High Output Voltage Pow [el 


w= =| 0 


AC PARAMETERS 


Propagation Delay 
Select-to-Input 
Data-to-Bus Output 
Select-to-Bus 

Output 
OE-to-Bus Output 
Bus-to-Input 
RE-to-Input 
Data-to-Receiver 

allt 


Fall Time 
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L SUFFIX 
CERAMIC PACKAGE 

CASE 758 

FN SUFFIX 
PLCC 
CASE 776 
yee xl 
PLASTIC PACKAGE 





CASE 724 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


NOTE: 

Each MECL 10KH series circuit has been designed to 
meet the dc specifications shown in the test table, after 
thermal equilibrium has been established. The circuit is 
in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 Ifpm is main- 
tained. Receiver outputs are terminated through a 50- 
ohm resistor to —2.0 volts dc. Bus outputs are termi- 
nated through a 25-ohm resistor to — 2.0 volts dc. 





| MC10H330 





LOGIC DIAGRAM 
OE (3) Veco = Pin 24 
, Vcc = Pin1 
s @ ) 2 Veco = Pin 13 
Veco = Pind 
FE = Pin 12 
WO (B) fies) fa 
a ) > (3) WBus 
Rea ee el | 
Win (0) 5 ati 
x0. © = 4 || 
| & ) > 7 @) XBus 
eg HDF 
Xin C1) E Ci 
et 
x 


2o——j} DJ 
aii > © zou 


E 


-2.0V | -2.0V 
' WO X0 YO 
Ww1 x1 Y1 





X — Don’t care 
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(MA) MOTOROLA 


DUAL BUS DRIVER/RECEIVER WITH 4-TO-1 


OUTPUT MULTIPLEXERS L SUFFIX 


CERAMIC CASE 
CASE 732 


The MC10H332 is a Dual Bus Driver/Receiver with four-to-one 
output muitipiexers. These muitipiexers have common selects 
and output enable. When disabled, (OE = high) the bus outputs 
go to —2.0 V. The parameters specified are with 25 © loading on 
the bus drivers and 50 © loads on the receivers. 


FN SUFFIX 
> PLCC 
20" CASE 775 


@ Propagation Delay, 1.5 ns Typical Data-to-Output 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 


P SUFFIX 
PLASTIC CASE 


CASE 738 20 


@ Voltage Compensated 
@ MECL 10K-Compatible 















DIP & PLCC 


MAXIMUM RATINGS PIN ASSIGNMENT 


Characteristic Symbol 
Input Voltage (Vcc = 0) Vi 0 to VEE 


. 
Output Current — Continuous 50 mA 
— Surge 100 
7c 
“C 


Vec (]1 20[_] Vcco2 
XBus (_] 2 19{_J YBus 
xo (J 3 18{_] OE 
x1([] 4 17[7] Yo 
x2([]5 mea 
x3} 6 15 (CJ Y2 
sol] 7 14{[] y3 
Si{_] 8 13 {"] RE 
Xin LJ 9 121] Yin 


Vee ]10 11] Vcco1 





Operating Temperature Range 


Storage Temperature Range — Plastic -55 to + 150 
— Ceramic —55 to + 165 









Power Supply Current 


Input Current High linH 












Man 


417 
273 
285 
Input Current Low 0.5 ied ; — 0. — 
High Input Voltage 71.7 — 1.13 — 0.735 in a test socket or mounted on a printed circuit board 
= = = = = = and transverse air flow greater than 500 Ifpm is main- 
Low Input Voltage 1.9 tained. Receiver outputs are terminated through a 50- 


ohm resistor to ~—2.0 volts dc. Bus outputs are termi- 
AC PARAMETERS nated through a 25-ohm resistor to — 2.0 volts dc. 







Pins 3,4,5,6,14, 

-15,16,17 667 417 
Pins 7,8 437 273 Pin assignment is for Dual-in-line Package. 
Pins 13,18 456 285 — For PLCC pin assignment, see tables on page 1-31. 












NOTE: 
Each MECL 10KH series circuit has been designed to 
meet the dc specifications shown in the test table, after 
thermal! equilibrium has been established. The circuit is 


pA 
pA 
Vdc 
Vdc 


3 


~N 


Propagation Delay 
Data-to-Bus Output 
Select-to-Bus 

Output 
OE-to-Bus Output 
Bus-to-Receiver 


Select-to-Receiver 
RE-to-Receiver 


Data-to-Receiver 
Fall Time 
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_ MULTIPLEXER TRUTH TABLE _.* RECEIVER TRUTH. 
| TABLE 





X — Don't care 





3E LOGIC DIAGRAM 
(18) 
AX | 
@ | 
(a) X1 if 
ia ea —z 
G) X2 ae (2) XBus 
= : 
(6) X3 ka 
Ce Dia Se 
Wann 
Oo Daas 
$1 Q 
C pail 
Oe i 
= 
on TF 
Ore ie (9) YBus 
aaa 
Y3 
9) ees: | 
Vcc. = Pin 
C) Xin ~Vceco1 = Pin 11 
RE Vcco2 = Pin 20 
Si VEE = Pin 10 





GE aha, 
eae = -98 


QUAD BUS DRIVER/RECEIVER WITH TRANSMIT 
AND RECEIVER LATCHES 


The MC10H334 is a Quad Bus Driver/Receiver with transmit and 
receiver latches. When disabled, (OE = high) the bus outputs will 
fallto — 2.0 V. Data to be transmitted or received is passed through 


L SUFFIX 
N CERAMIC PACKAGE 
CASE 732 
20 
1 
FN SUFFIX 
PLCC 
20 1 CASE 775 


P SUFFIX 
PLASTIC PACKAGE 
CASE 738 20 


its respective latch when the respective latch enable (DLE and 

RLE) is at a low level. Information is latched on the positive tran- 

sition of DLE and RLE. The parameters specified are with 25 0 

loading on the bus drivers and 50 © loads on the receivers. 

@ Propagation Delay, 1.6 ns Typical Data-to-Output 

@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

@ Voltage Compensated 


@ MECL 10K-Compatible 





DIP & PLCC 
MAXIMUM RATINGS PIN ASSIGNMENT 


[Characters ———~=*d*~CSbol |Rating | 
: V 
V 
50 
100 





Power Supply (Vcc = 0) 


ia 
Ta 
Tipu voting oe =. |u| oevee [ve — 
ra 


VEE 
VI 
hi OE 
— Surge 
TA 





20 [J Vcco3 


Operating Temperature Range a 


Storage Temperature Range — Plastic Tstg -55 to +150 °C 
— Ceramic -55 to +165 °C 


Power Supply Current 


Input Current High 
Pins 5,6,15,16 
Pins 7,14 
Pin 17 


Input Current Low 
High Output Voltage VOH —0. ; 
Low Output Voltage | Vo. |—1.95| —1.63| —1.98| 1. 
i a: = tad NOTE: 
High Input Voltage : : : Each MECL 10KH series circuit has been designed to 
Low Input Voltage V —1. meet the dc specifications shown in the test table, after 
: Z thermal equilibrium has been established. The circuit is 








11L_} Vcco2 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





AC PARAMETERS in a test socket or mounted on a printed circuit board 
: and transverse air flow greater than 500 Ifpm is main- 
Propagation Delay tained. Receiver outputs are terminated through a 50- 
Data-to-Bus Output : . ; ; : : ‘ohm resistor to —2.0 volts dc. Bus outputs are termi- 
DLE-to-Bus Output : ; ; : : : nated through a 25-ohm resistor to — 2.0 volts dc. 


OE-to-Bus Output 
Bus-to-RO 
RLE-to-RO 
Data-to-Receiver RO 


; 
Fall Time tf 
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LOGIC DIAGRAM 


oe td pt Te 
| (8) v2 po} Dt} seas 
Ps 


Om : m9 
ar Output Latch 
(8) Ro | 7 cs 
(8) ri — 


Co) VEE >——— Receiver Latch 


DRIVER TRUTH TABLE RECEIVER TRUTH TABLE 





X — Don't care 





X — Don't care 
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(AA) MOTOROLA 


ECL TO TTL TRANSLATOR 
(+5 Vdc Power Supply Only) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


The MC10H350 is a member of Motorola’s 1OKH family of high performance ECL 
logic. It consists of 4translators with differential inputs and TTL outputs The 3-state 
outputs can be disabled by applying a HIGH TTL logic level on the common OE input. 

The MC10H350 is designed to be used primarily in systems incorporating both 
ECL and TTL logic operating off a common power supply. The separate Vcc power 
pins are not connected internally and thus isolate the noisy TTL Vcc runs from the 
relatively quiet ECL Vcc runs on the printed circuit board. The differential inputs 
allow the H350 to be used as an inverting or noninverting translator, a differential 
line receiver or as a high performance comparator. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, | CASE 775 


LOGIC DIAGRAM 


¢ Propagation Delay, 3.5 ns Typical ¢ MECL 10K-Compatible 





MAXIMUM RATINGS 


oe 
Storage Temperature Range—Plastic 
—Ceramic -55 to +165 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V oe (See Note 1) 


| Ta = 0 to 75°C | as roe to 75°C 
Characteristic _— 
Power Supply Current TTL 
ECL 




















mA 
7 


Input Current High Pin 9 
Others 


Input Current Low Pin 9 Ne 
Others a 


Input Voltage High Pin 9 


Input Voltage Low Pin 9 ies 


Differential Input Voltage (1) VDIFF 
Pins 3-6, 11-14 (1) 


Voltage Common Mode 
Pins 3-6, 11-14 


53 
>> 


Vcc (+5.0 Vdc) = Pins 1 and 16 
Gnd = Pin8 


DIP 
PIN ASSIGNMENT 


Output Voltage High 
IOH = 3.0 mA 


Output Voltage Low re 


lo. = 20 mA 


Short Circuit Current 
VouT = 0V 


Output Disable Current High lOZH 
VouT = 2.7 V 
Output Disable Current Low lOZL 
VouT = 0.5 V 
AC PARAMETERS (C;_ = 50 pF) (Vcc = 5.0 +5%) (Ta = 0°C to 75°C) 
Propagation Delay ; : 
Data 
Output Disable Time palZ 2.0 6.0 
todHZ 2.0 6.0 
Output Enable Time edz 2.0 8.0 
todZH 8.0 


(1) Common mode input voltage to pins 3-4, 5-6, 11-12, 13-14 must be between the values of 2.8 
V and 5.0 V. This common mode input voltage range includes the differential input swing. 

(2) For single ended use, apply 3.75 V (Vgp) to either input depending on output polarity required. 
Signal level range to other input is 3.3 V to 4.2 V. 


— 150 






Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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. 3-STATE SWITCHING WAVEFORMS 
3-State Output Low Enable and 3-State Output High Enable and 
Disable Times Disable Times 





>VOH ~ 3.5V 


VouT 
VouT 


0.3V 





TEST LOAD — 





+7.0V OPEN 
tpZL, tpLz, O, C, ALL OTHER . 


500 2 


500 2, 





*INCLUDES JIG AND PROBE CAPACITANCE 


Application Note: Pin 9 is an OE and the 10H350 is disabled when OE is at Vj} or higher. 
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(AA) MOTOROLA 


Product Preview 


QUAD TTL/NMOS TO MECL TRANSLATOR 


The MC10H351 is a quad translator for interfacing data between 
a saturated logic section and the MECL section of digital systems 
when only a +5.0 Vdc power supply is available. The MC10H351 
has TTL/NMOS compatible inputs and MECL complementary 
open-emitter outputs that allow use as an inverting/non-inverting 
translator or as a differential line driver. When the common strobe 
input is at a low logic level, it forces all true outputs to the MECL 


low logic state (~+3.2 V) and all inverting outputs to the MECL 
high togic state (~+4.1 V). 

The MC10H351 can also be used with the MC10H350 to transmit 
and receive TTL/NMOS information differentially via balanced 
twisted pair lines. 


@ Single +5.0 V Power Supply 

@ All Vcc Pins Isolated On Chip 

e Differentially Drive Balanced Lines 
® tod = 1.3 nsec Typical 


MAXIMUM RATINGS 
Characteristic | Rating 


Power Supply Vcc 0 to +7.0 
Input Voltage (Vcc = 5.0 V) Vv 


Vdc 
Output Current — Continuous mA 
— Surge 
c 
C 


Operating Temperature Range 


Storage Temperature Range — Plastic 


—55 to +150 . 
— Ceramic —55 to +165 


Reverse Current 
Pins 7, 8, 12, 14 
Pin 9 


Forward Current 

Pins 7, 8, 12, 14 

Pin 9 
Input Breakdown ViBR)in} 5-5 
Voltage 


L 
Input Clamp Voltage 
(lin = — 18 mA) 
Vv : 
| Low Output Voltage | Vor | 3.05 | 3.3 
| High Input Voltage | vin | 2.0 | 
Ftow input Vortage | Vu | — 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 


Power Supply 
Current ee oe 
T 
V 


High Output Voltage 8 | 4 


fell 
2.0 


C 
T 
IF 
O 
O 
| 
| 
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oat] 
[vac 
Foi vec | vac] 
a 





L SUFFIX 
CERAMIC CASE 
CASE 732 


FN SUFFIX 
> PLCC 
CASE 775 
20 1 U 


P SUFFIX 
PLASTIC CASE 
CASE 738 20 





LOGIC DIAGRAM 
B out 


B out 


A out 


A out 


16 D out 
17 D out 


Cin 14 19 Cout 


Common 9 18 Cout 
Strobe 


Vcc (+5.0 Vdc) = Pins 6, 11, 15, 20 
Gnd = Pin 10 


DIP 
PIN ASSIGNMENT 


20_jECL Vcc 


11{_ J TTL Vcc 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 








AC PARAMETERS 














Characteristic 


Cin [Mo | in 

[Rise Time aowto oxy) ——~=~S~*~<“C~*~sSC<‘ YP we | tg | | 20 | 0m | et 
Fall Time (90% t0 20%) —SOSC~=~<C~*~“~*~rCSCiaTCP | tg | | 
[maximum Operating Frequency | tmax| 150 | — [150 | — | 150 | — | mir | 


(1) Propagation delay is measured on this circuit from +1.5 volts on the input waveform to the 50% point on the output waveform. . 
NOTE: ; ; 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal! equilibrium has been established. 


The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated 
through a 50-ohm resistor to Vcc — 2.0 Vdc. 
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(AA) MOTOROLA 


Product Preview 


QUAD CMOS TO MECL TRANSLATOR 


The MC10H352 is a quad translator for interfacing data between 
a CMOS logic section and the MECL section of digital systems 
when only a +5.0 Vdc power supply is available. The MC10H352 
has CMOS compatible inputs and MECL complementary open- 
emitter outputs that allow use as an inverting/non-inverting trans- 
lator or as a differentia! line driver. When the common strobe 
input ts at a low logic level, it forces all true outputs to the MECL 
low logic state (~+3.2 V) and all inverting outputs to the MECL 
high logic state (~+4.1 V). 

The MC10H352 can also be used with the MC10H350 to transmit 
and receive CMOS information differentially via balanced twisted 
pair lines. 


@ Single +5.0 V Power Supply 

@ All Vcc Pins Isolated On Chip 

e Differentially Drive Balanced Lines 
® tod = 1.3 nsec Typical 


MAXIMUM RATINGS 
Characteristic | Rating | Unit | 
Power Supply 
Input Voltage (Vcc = 5.0 V) 
we 


Cc 
Cc 
Output Current — Continuous bee mA 
— Surge 100 
C 


Operating Temperature Range TA 
Storage Temperature Range — Plastic —55 to + 150 


— Ceramic —55 to +165 


Reverse Current 
Pins 7, 8, 12, 14 
Pin 9 


Forward Current 
Pins 7, 8, 12, 14 
Pin 9 


Input Breakdown 
Voltage 


Input Clamp Voltage 
(lin = —18 mA) 
High Output Voltage | Von | 35 | aie | 402 | azo | aoe | 427 | vac| 
eta 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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L SUFFIX 
CERAMIC CASE 
iN CASE 732 
20 
; 


FN SUFFIX 
PLCC 
20 CASE 775 


P SUFFIX 
PLASTIC CASE . 
CASE 738 20 


LOGIC DIAGRAM 





B out 


B out 


5 Aout 
4 A out 


16 D out 
17 D out 
1 
1 


9 Cout 
8 C out 


Cin 14 


Common 9 
Strobe 


Vcc (+5.0 Vde) = Pins 6, 11, 15, 20 
Gnd = Pin 10 


DIP 
PIN ASSIGNMENT 


20[_JECL Vcc 


111,_JCMOS Vcc 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





AC PARAMETERS 


Characteristic 


, 


(1) Propagation delay is measured on this circuit from + 1.5 volts on the input waveform to the 50% point on the output waveform. 

NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm i is maintained. Outputs are terminated 
through a 50-ohm resistor to Vcc — 2.0 Vde. 
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(MA) MOTOROLA 


TRIPLE-3 INPUT BUS DRIVER WITH ENABLE 


The MC10H423 is a triple 3 Input Bus Driver with a common : SEA EACCAGE 

enable. CASE 620 
The MC10H423 consists of three NOR gates designed for bus 

driving applications on card or between cards. Output iow iogic 

levels are specified with VoL = —2.1 Vdc so that the bus may be P SUFFIX 

terminated to — 2.0 Vdc. The gate output, when low, appears as PLASTIC PACKAGE 

a high impedance to the bus, because the output emitter-followers CASE 648 

of the MC10H423 are “‘turned off.” This eliminates discontinuities 

in the characteristic impedance of the bus. Ci EN SUFFIX 
The VQH level is specified when driving a 25-ohm load termi- PLCC 

nated to — 2.0 Vdc, the equivalent of a 50-ohm bus terminated at 20; CASE 775 

both ends. Although 25 ohms is the lowest characteristic imped- 

ance that can be driven by the MC10H423, higher impedance 

values may be used with this part. A typical 50 ohm bus is shown LOGIC DIAGRAM 

in Figure 1. 


@ Propagation Delay, 1.5 ns Typical e Voltage Compensated 


® Improved Noise Margin 150 mV (Over @ MECL 10K-Compatible 
Operating Voltage and Temperature Range) 





MAXIMUM RATINGS 


Characteristic 
Input Voltage (Vcc = O) 


Output Current — Continuous out 
— Surge 


{ 
I 
Operating Temperature Range 


Storage Temperature Range — Plastic 


— Ceramic 
Characteristic 


Power Supply Current 


Input Current High 
Pins 4,5,6,9,10, 
11,12,13,14 

Pin 7 


. 
=o 


2 

Vcc1 = Pin 

Vec2 =Pin16 
Veg =Pin8 


15 













DIP 
PIN ASSIGNMENT 






Propagation Delay 
Pin 7 Only 
Exclude Pin 7 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


Tfisetine | 4 
| Fall Time 


NOTE: 
Each MECL 10KH series circuit has been designed to meet the dc specificaitons shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted 
on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs 
are terminated through a 25 ohm resistor to — 2.0 volts. 
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FIGURE 1 — 50-OHM BUS DRIVER (25-OHM LOAD) 


1/3 MC10H423 1/3 MC10H423 1/3 MC10H423 - 






Zo = 500 


500 500 


~2.0 Vde RECEIVERS (MECL Gates) —, =2,.0Vde 


2-108 


(AA) MOTOROLA 


QUAD TTL-TO-ECL TRANSLATOR WITH 
AN ECL STROBE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


The MC10H424 is a Quad TTL-to-ECL translator with an ECL 
strobe. Power supply requirements are ground, +5.0 volts, and 
— 5.2 volts. PLASTIC PACKAGE, 


e@ Propagation Delay, 1.5 ns Typical GAPE Oe 1 


@ Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) > 
LOGIC DIAGRAM 


P SUFFIX 


FN SUFFIX 
PLCC 


@ Voltage Compensated CASE 775 


@ MECL 10K — Compatible 





MAXIMUM RATINGS 


Characteristic 
Power Supply (Vcc = 5.0 V) 
Power Supply (Veg = —5.2 V) 
Input Voltage (ECL) 
Input Voltage (TTL) 


Output Current — Continuous 
— Surge 


Operating Temperature Range 


Storage Temperature Range — Plastic 
— Ceramic 


ELECTRICAL CHARACTERISTICS (Ve¢ 


a ee ee ee 
[cms ome in a 
Negative Power Supply 
far 1a a 
| icc | — | 


H 
Elect jal 






Positive Power Supply 
Drain Current 


Reverse Current Pin 
| 5,7,10,11 


Forward Current Pin 
5,7,10,11 


Low Input Voltage Pin 
5,7,10,11 


Cain [ Max 
ol El 
Dr er 
Pas [= [2s [= [25 |maae 


Sl al a a a al 
Gal al ald 


[input HIGH Current Pn | nw | — [aso [ — [10] — | 310 [nace 
[input Low Curent Pin | lim, | 05 | — [08 
input Breakdown Votage [Vienin| 66 | — [55 | — | 55_ 
input Camp Vottage | _vi_| — [-is[ — [-te] — | -18 | vee! 
[ow Output Votage | Vor _|-198]- 

| 


[al el al alin il is 
5,7,10,11 

3 
[Low Input Vottage Pin 6 | vy [-1.95|-1.48|-1.96|-148) ~1.95 | -148 | vae| 


[Symbol [Rating [Unit | 
vee | 80100 | vie 
Pvog | ote +70 vee _| 
Pv | oto ver ve | 

C 


VEE : 
Vcc 
V\ Ot 
100 
: 


Tstg | -55 to +150 : 
-55 to +165 


= -5.2V + 5%, Vcc = 5.0 V + 5.0%) 












mAdc 


P= [es [= unde 
ac 


—_ 


69)-1.95] 1.63] ~1.95 | -1.60 | Vee 
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Gnd = Pin 16 
Vcc (+5.0 Vde) = Pin 9 


Veg (—5.2 Vdc) = Pin 8 

















DIP 
PIN ASSIGNMENT 


Bout 


Aout 





Bout 










Aout 

Ain 
Common 
Strobe 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





MC10H424 | } 


AC PARAMETERS 





Propagation Delay 
Data 
Strobe 


[Rise Time | tr_|05|2.0/05/20]0.5|2.2| ns 
[FallTime | [05] 2.0]05/2.0}05] 2.2] ns 












NOTE: 


Each MECL 10KH series circuit has been designed to meet the dc spec- 
ifications shown in the test table, after thermal equilibrium has been 
established. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 Ifpm is main- 
tained. Outputs are terminated through a 50-ohm resistor to — 2.0 voits. 


APPLICATIONS INFORMATION 


’ The MC10H424 has TTL-compatible inputs, an ECL 
strobe and MECL complementary open-emitter out- 
puts that allow use as an inverting/non-inverting trans- 
lator or as a differential line driver. When the common 
strobe input is at the low-logic level, it forces all true 
outputs to a MECL low-logic state and all inverting 
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outputs to a MECL high-logic state. | 

An advantage of this device is that TTL-level infor- 
mation can be transmitted differentially, via balanced 
twisted pair lines, to MECL equipment, where the sig- 
nal can be received by the MC10H115 or MC10H116 
differential line receivers. 





MECL 10K 
Selector Guide || Data Sheets 





MECL 10K 


INTEGRATED CIRCUITS 


MC10,100/10,200 Series 
—30 to 85°C 


Function Selection — (—30° to +85°C) 


a 


NOR Gates 


Quad 2-Input Gate/Strobe 
Quad 2-Input Gate 


Triple 4-3-3 Input Gate 
Dual 3-Input 3-Output Gate 
Dual 3-Input 3-Output Gate 
OR Gates 


Quad 2-Input Gate 
Dual 3-Input 3-Output Gate 
Dual 3-Input 3-Output Gate 


AND Gates 


Quad 2-Input Gate 
Hex Gate 








Complex Gates 


Quad OR/NOR Gate 
| Triple 2-3-2 Input OR/NOR Gate 

Dual 4-5 Input OR/NOR Gate 

Dual 3-Input 3-Output OR/NOR Gate 

Triple 2-Input Exclusive OR/NOR Gate 

Quad 2-Input Exclusive OR/NOR Gate 

Dual 2-Wide 2-3 Input OR-AND/OR-AND 
INVERT 

Dual 2-Wide 3-Input OR-AND 

4-Wide 4-3-3-3 Input OR-AND 

4-Wide 3-Input OR-AND/OR-AND 
INVERT 


Buffers/Inverters 


Hex Buffer/Enable 
Hex Inverter/Enable 
Hex Inverter/Buffer 





Line Drivers/Line Receivers 


Triple Line Receiver 
Quad Line Receiver 
.| Triple Line Receiver 
Quad Bus Receiver 
Quad Bus Driver 
Triple Line Receiver 
Triple 4-3-3 Input Bus Driver 
Dual Bus Driver 


Translators 


Quad TTL-MECL 
Quad MECL-TTL 
Triple MECL-MOS 
Quad MST to MECL 
Hex MECL-MST 


Transceivers 





Bidirectional with Latch 
Bidirectional with Latch 


MC10100 | 620, 648, 775 
MC10102 | 620, 648, 775 
MC10106 | 620, 648, 775 
MC10111_ | 620, 648, 775 
MC10211 | 620, 648, 775 


MC10103 | 620, 648, 775 
MC10110 | 620, 648, 775 
MC10210 | 620, 648, 775 


MC10104 | 620, 648, 775 
MC10197 | 620, 648, 775 


MC10101 | 620, 648, 775 
MC10105 | 620, 648, 775 
MC10109 | 620, 648, 775 
MC10212 | 620, 648, 775 
MC10107 | 620, 648, 775 
MC10113 | 620, 648, 775 


MC10117 | 620, 648, 775 
MC10118 | 620, 648, 775 
MC10119 | 620, 648, 775 





MC10121 | 620, 648, 775 


MC10188 | 620, 648, 775 
MC10189 | 620, 648, 775 
MC10195 | 620, 648, 775 


MC10114 | 620, 648, 775 
MC10115 | 620, 648, 775 
MC10116 | 620, 648, 775 
MC10129 | 620 

MC10192 | 620, 648, 775 
MC10216 | 620, 648, 775 
MC10123 | 620, 648, 775 
MC10128 620 





MC10124 | 620, 648, 775 
MC10125 | 620, 648, 775 


MC10177 620 
MC10190 | 620, 648, 775 
MC10191 620, 648 


MC10804 620 
MC10805 732 


[Fantini ave came 


Flip-Fiop/Latches 









































620, 648, 775 
620, 648, 775 
620, 648, 775 
‘620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 
620, 648, 775 


MC10131 
MC10135 
MC10176 
MC10186 - 
MC10231 | 
MC10133 
MC10175 
MC10168 
MC10153. - 
MC10130 | 


MC10165 | 620, 648, 775 


Dual D Master Slave Flip-Flop 
Dual J-K Master Slave Flip-Flop 
‘Hex D Master Slave Flip-Flop 
Hex D Common Reset Flip-Flop 
Dual D Master Slave Flip-Flop 
Quad Latch 

Quint Latch 
Quad/Common Clock Latch 
Quad/Negative Clock Latch 
Dual Latch 










Encoders 


8-Input Encoder 


Decoders 


Binary to 1-8 (Low) MC10161 | 620, 648, 775 
Binary to 1-8 (High) MC10162 | 620, 648, 775 


Dual Binary to 1-4 (Low) MC10171 | 620, 648, 775 
Dual Binary to 1-4 (High) MC10172 | 620, 648, 775 


Parity Generator/Checkers 
MC10160 | 620, 648, 775 
MC10170 | 620, 648, 775 
MC10163 620, 648 
MC10193 620, 648 
Counters 


Hexadecimal MC10136 | 620, 648, 775 
Decade MC10137 620, 648 
Biquinary MC10138 | 620, 648, 775 
Binary Down Counter MC10154 620, 648 
Binary MC10178 | 620, 648, 775 


Arithmetic Functions 









12-Bit Parity Generator-Checker 
9 + 2 Bit Parity 









Error Detector/Correction 


IBM Code 
Motorola Code 


5-Bit Magnitude Comparator MC10166 | 620, 648, 775 
Look Ahead Carry Block MC10179 620, 648 


Dual 2-Bit Adder/Subtractor MC10180 620, 648 
4-Bit Arithmetic Function Gen. MC10181 623, 649 
2-Bit Arithmetic Function Gen. MC10182 620, 648 


Shift Register 

4-Bit Universal MC10141 | 620, 648, 775 
MC10198 | 620, 648, 775 

Multiplexer 


Quad 2-Input/Noninverting MC10158 | 620, 648, 775 
Dual Multiplexer/Latch MC10132 620, 648 
Dual Multiplexer/Latch MC10134 | 620, 648, 775 





Multivibrators 


Monostable Multivibrators 


Quad 2-Input/Inverting MC10159 | 620, 648, 775 
8-Line MC10164 | 620, 648, 775 
Quad 2-Input/Latch MC10173_ | 620, 648, 775 
Dual 4-1 MC10174 | 620, 648, 775 





(AA) MOTOROLA 


QUAD 2-INPUT NOR GATE 
WITH STROBE 


The MC10100 is a quad NOR gate. Each gate has 3 inputs, two 
of which are independent and one of which is tied common to all 
four gates. 


Pp = 25 mW typ/gate (No Load) 
tod 2.0 ns typ 
tr, te = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Veci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 
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MECL iGii senes 


QUAD 2-INPUT NOR GATE 
WITH STROBE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Common 
Input 
(A,B,C,D) 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 








ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 






TEST VOLTAGE VALUES 













@ Test 
Temperature Vitmax| ViLmin| VidAmin|ViLAmax}| VEE 
+asec_[-0.700 | -1.825| -1.035 | 1.440 [52 _ 













MC10100_ Test Limits TEST VOLTAGE AVELIE® TO 


trae [3 Vee) 
[Power Supply Drain Current | te | 8 ae a Pe ee 


Input Current linH 390 =—_ ee 
750 470 uAdc 
link 0.5 pAdc 

Cogie* Petra | Voltage | You | -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vdc 

7 ~1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 

Logic ‘ avila Output Voltage -1.890 | -1.675 | -1.850 -1.650 } -1.825 | -1.615 Vdc 4,5,9 

is -1 890 ~1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 9,10,11 

dc 


oo echt 


edible late 
















penne 











ooo o 
= 





Logic ‘‘0’’ Threshold Voltage 1 | 








oo oo 










Switching Times 
(50-ohm load) 
Propagation Delay 











Rise Time 
(20% to 80%) 


Fali Time 
(20% to 80%) 











*Individually test each input applying Vj} or Vy, to input under test. 


(A) MOTOROLA 


MECL 10h sens 


QUAD OR/NOR GATE QUAD OR/NOR GATE 


The MC10101 is a quad 2-input OR/NOR gate with one input 
from each gate common to pin 12. 


Pp = 25 mW typ/gate (No Load) 
tpd = 2.0 ns typ 
tr, ts = 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Vcc1=Pin 1 
Vcc2= Pin 16 
VEE =Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 
Vina min_| VILA max 
(Vcc) 
Gnd 










@ Test 
Temperature 
-30%¢ saao_[=raso [tate [0 













TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Vina min | VILA max 









Characteristic 


MC10101 Test Limits 
Pin 
Under 
Symbol Test 
Power Supply Drain Current 


Input Current 

























air Ne Voltage = ite 
! 
Bt en Voltage | we 
! 
Logic "1" 1,16 
_ Threshold Voltage 
1,16 






Logic ‘0’ 
Threshold Voltage 






VOLA 


Switching Times 
(50-ohm toad) 


Propagation Delay 





Pulse Out 






fee] 









Rise Time 
(20 to 80%) 

Fall Time 

(20 to 80%) 






ON OTN GON to NNOAAINONAAINNM AAO Nan 





= 
oO 
a" 
—) 
wank 
=) 
wah 





(AA) MOTOROLA 


MECL 1G sens 


freee eee QUAD 2-INPUT NOR GATE 


The MC10102 is a quad 2-input NOR gate. The MC10102 pro- 
vides one gate with OR/NOR outputs. 


Pp 25 mW typ/gate (No Load) 
tod = 2.0 ns typ 
= 2.0 ns typ (20%-80%) L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM ms 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS . 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 


Symbol _| Test 


Power Supply Drain Current 


Input Current 1 
Logic arg VOH 
Output Voltage 
Logic “0” VOL 
Output Voltage 
VOHA 


VOLA 












_ TEST VOLTAGE VALUES 
(Volts) 














@ Test : 
-wec [0.800 | -1.890 | 1.206 | -1.500 
+zsec «=| -0810 | -1850 | -1.105 | -1.475__ 

[—-0700 | -1825 [1.035 [1.440 








MC10102 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


VIH max VIHA min VILA max 


Le a ear 
ee ee 
ie a 





Cc, 
a5 














> mt == 






Logic “4 er 
Threshold Voltage 









Logic "0" 
Threshold Voltage 





— od = 


Switching Times 
(50-ohm load) 


Propagation Delay 





“3.2V 


15 8 1,16 
15 
9 . 
9 
~ 15 
9 









Rise Time 
(20 to 80%) 

Fall Time 

(20 to 80%) 











Ss 
© 
ok 
° 
om 
° 
x) 





(AA) MOTOROLA 


MECL iGhi senes 


QUAD 2-INPUT OR GATE QUAD 2-INPUT 


OR GATE 


The MC10103 is a quad 2-input OR gate. The MC10103 provides 
one gate with OR/NOR outputs. 


Pp 25 mW typ/gate (No Load) 
tod 2.0 ns typ 
2 ie ane L SUFFIX 
2.0 ns typ (20%-80%} CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 





TEST VOLTAGE VALUES ; 












shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. @ Test 












MC10103 Test Limits TEST VOLTAGE APPLIED TO 


ion ae 
ee ee ee ee ee ee ee 
Pr ee ere 


ree | = {wade | | 1,16 | | 1,16 | 
Logic ‘’1’’ Output Voltage VOH An -1. a — 890 | -0. 2 .-0. pa 2.4 890 | -0.700 Vde 1,16 
9 -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vdc 1,16 
Logic ‘’0’’ Output Voltage 2 -1.890 -1.675 -1.850 --1.650 -1.825 -1.615 Vde 1,16 
9 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vdc 12,1 13 1,16 
Logic ‘'1’’ Threshoid Voltage VOHA 2 -1.080 -0.980 -0.910 Vde 1,16 
9 -1.080 -0.980 -0 910 Vdc 12,13 1,16 
Logic ‘’0"' Threshold Voltage VOLA 2 -1.655 -1.630 -1.595 Vde 45 8 1,16 
9 -1.655 -1.630 -1.595 Vdc 12,13 = 8 1,16 

| Switching Times | Pulse In [Pulse Out | | 


(50-ohm load) 
Propagation Delay 


+85°C 


































Rise Time 
(20% to 80%) . 


Fall Time 
(20% to 80%) 











“Individually test each input applying V;y or Vi), to input under test. 


Ss 
2) 
oh 
° 
cam 
° 
7) 





(AA) MOTOROLA 


MECL 104 sents 
QUAD 2-INPUT AND GATE 


The MC10104 is a quad 2-input AND gate. One of the gates has 
both AND/NAND outputs available. 


QUAD 2-INPUT AND GATE 


Pp 35 mW typ/gate (No Load) 
tod 2.7 ns typ 
= 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





FN SUFFIX 
PLCC 
20, CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The. 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 





TEST VOLTAGE VALUES 
, Volts 














one gate. The other gates are tested in the same manner. | @ Test 
-30°C_ 







MC10104 Test Limits 


TEST VOLTAGE APPLIED TO PINS LISTED BLEOW: 
a EE 


[Power Supply Drain Current] te | 8 | - | 9 | - | - pe ae | oe Lette Heceane Ganie) 


Input Current 12 =— uAdc = 13 
13 220 uAdc 
— 
12 
13 
13 
2 


13 
Logic ‘1 e ~1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 12,13 
Output Voitage -1.060 | -0.890 | -0.960 -0.810 | -0.890 {| -0.700 
1 



















Logic ‘0" a -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 
Output Voltage -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 12,13 


= 
toes 
= Bh 
Raia 


















Lgoic ‘‘0” 
Threshold Voltage 





Threshold Voltage 
+1.11V 


Switching Times* 
(50-ohm toad) 
Propagation Detay 













t42+15+ 








t12-15- 
t42+9- 
142-9+ 
t13+15+ 13 







13+9- 
t15+ 










Rise Time 
(20 to 80%) 


Fali Time 
(20 to 80%) 










*Inputs 4, 7, 10, and 13 will behave similarly for ac and |j),}4 values. 
inputs 5, 6, 11, and 12 will behave similarly for ac and |j,4 values. 


VOLOLOIN 


MOTOROLA 


MECL 10K sens 


TRIPLE 2-3-2-INPUT 


OR/NOR GATE TRIPLE 2-3-2-INPUT 


OR/NOR GATE 
The MC10105 is a triple 2-3-2 input OR/NOR gate. 


Pp = 30 mW typ/gate (No Load) 
tod = 2.0 ns typ 
tr, te = 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





3-13 


VL-€ 


ELECTRICAL CHARACTERISTICS 





Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 


are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 


tested in the same manner. 






Power Supply Drain Current 





“} 






Input Current 


i 


a 













Logic 1" 
Output Voltage 


Logic ‘‘0”’ 
Output Voltage 











ve Pete ies 






TEST VOLTAGE VALUES 
(Voits) 














@ Test 
Temperature 
~ 30°C -0.890 -1.890 ~1.205 ae 







+85°C 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 





MC10105 Test Te 






es 
a ase a 


Vde ¥ 16 
1,16 

1,16 

1,16 


0 0 











; pla | 


0 CO 











Logic 1" 
Threshoid Voltage 












© oO 


1,16 
Vdc 1,16 















Logic ‘‘0"’ 
Threshold Voltage 





NW) NM WIN &] NM 















Vdc 1,16 
Vdc 








Switching Times 
(50-0hm toad) 


Propagation Delay 













Rise Time 
(20 to 80%) 

Fall Time 

(20 to 80%) 


NW NW NNW W 














=i 











NW NHN & mel 


1,16 
iii | 





Ss 
2) 
oh 
° 
out 
° 
a 





MOTOROLA 


TRIPLE 4-3-3-INPUT 
TRIPLE 4-3-3-INPUT NOR GATE NOR GATE 


The MC10106 is a triple 4-3-3 input NOR gate. 


Pp = 30 mW typ/gate (No Load) 


tod = 2.0 ns typ L SUFFIX 


tr, te = 2.0 ns typ (20%-80%) CEREMIGUSCKAGE 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





QOL-€ 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 





TEST VOLTAGE VALUES 



















shown for only one input and one output. The other inputs and outputs are 
Temperature ViH max VIL min VIHA min VILA max VEE 
bee “1850 


MC10106 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


a | ae 

fe eee | Caf wae a ae 
Pa = is as Te 

Logic “’ ~1.060 | -0.890 | -0.960 

-1.890 ; -1.675 | -1.850 


Logic ‘’0” 
Output Voltage 
















~0.810 | -0.890 | -0.700 
-0.810 | -0.890 ; -0.700 


-1.650 | -1.825 | -1.615 
-1,650 | -1.825 | -1.615 


















Switching Times 
(50-ohm load) 


Propagation Delay 







Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 







| Tye | 
eae 
ze | 





90LOLOW 


MOTOROLA 


MECL 10k sens 


TRIPLE 2-INPUT EXCLUSIVE 
oe prictiadd TRIPLE 2-INPUT EXCLUSIVE 


The MC10107 is a triple-2 input exclusive OR/NOR gate. 


Pp = 40 mW typ/gate (No Load) 
tod = 2.8 ns typ 


L SUFFIX 
tr, te = 2.5 ns typ (20%-80%) 


CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


2 
3 
11 
10 
12 
13 


+ (4 +5) 
+ (4 + 5) 


Pin 1 
Pin 16 
Pin 8 


*NC = No Connection 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 





Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 


Pin 
Under 
Characteristic Test 


Power Supply Drain Current 8 





Input Current 4,9,14 
5,7,15 





* 


@ Test 
Temperature 


(Volts) 





+25°C 








31 


425 
350 


Min 


0.5 


Max Unit 


2 [|__| mace 
265 265 pAdc 
220 220 uAdc 


= [9a f= rae 








Logic “1” 
Output Voltage 


-0.890 
-0.890 
-0.890 
-0.890 


+ 


-0960 | -0810 | -0.890 | -0700 | Vdc 


-0.960 
~0.960 
-0.960 


-0.810 -0.890 ~-0.700 


-0.810 ~0.890 -0.700 
-0.890 -0.700 


-0.810 -1.850 
4825 


VIHA min 


























Logic ‘’0” 
Output Voltage 


-1.675 
-1.675 
-1.675 





-1.850 
-1.850 
-1.850 
-1.850 


-0.810 

-1.650 -1.825 -1.615 Vde 
-1.650 -1.825 -1.615 

-1.650 -1.825 -1.615 


-1.650 -1.825 -1.615 





Logic ‘’1" 
Threshold Voltage 





Logic ‘’0” 
Threshold Voltage 


WWNHNITWWNHNIWWONNIWWNHND 


-0.980 
-0.980 
-0.980 





et 
-0.910 Vde 
-0.910 
-0.910 | 
-0.910 


- -1. 
_ ae 





Switching Times (50 {2 Load) 
Propagation Delay Inputs 
4,9 or 14 
to either 
Output 





{nputs 
5,7, or 15 
to either 

Output 


** 


Rise Time 

(20 to 80%) 
Fall Time 

(20 to 80%) 


*Individually test each input applying Vj} or Vy, to input under test. 


**Any Output 

















- -1. Vde 
Unit 
ns 


- -1, 
4.0 
3.8 
3.8 y 

















| aosaloOp] SP 





Input Corresponding 8 
4,9,o0r Ex-OR/Ex-NOR 
14 Outputs 





Input Corresponding 
5,7,0r Ex-OR/Ex-NOR 
15 Outputs 


Any Input : 
Corresponding 
Ex-OR/Ex NOR 


Any Input Outputs 





LOLOLOI 


MOTOROLA 


DUAL 4-5-INPUT “‘OR/NOR” GATE 


The MC10109 is a dual 4-5 input OR/NOR gate. 


= 30 mW typ/gate (No Load) 
tod = 2.0 ns typ 
tr, t¢ = 2.0 ns typ (20%-80%) 


a 
Oo 
| 


LOGIC DIAGRAM 








MIECL 10h series 


DUAL 4-5-INPUT 
“OR/NOR” GATE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





FN SUFFIX 
, PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 


O0c-€ 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the de specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 






TEST VOLTAGE VALUES 
(Volts) 














tested in the same manner. @ Test 
Temperature 
-30°C -0.890 -1.890 -1.205 
+25°C -0.810 -1,.850 -1.105 





+85°C -0. | 0.700 | | 5.2 | 2 


Pin -MC10109 Test Limits 
Under | -30°c_ “28° +85°C 
Unit VIH max 













TEST VOLTAGE APPLIED TO PINS BELOW: 


(Vcc) 
Vina min | VILA max ee Gnd 








Characteristic 






















































High Threshold Voltage 

















Low Threshold Voltage 







1,16 
1,16 





Switching Times 
(50-ohm load) 


Propagation Delay 






Pulse Out 


Za 2 
2 
3 
3° 
2 
3 
2 
3 











Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 









8 
8 
8 
8 
8 
8 
8 
8 


WN WN WWNHND 





60LOLOIN 


(AA) MOTOROLA 


MECL ih sens 


DUAL 3-INPUT 3-OUTPUT 


“OR” GATE 


The MC10110 is designed to drive up to three transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire “OR” ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel! lines from a single point 
makes the MC10110 particularly useful in clock distribution ap- L SUFFIX 
CERAMIC PACKAGE 

CASE 620 


plications where minimum clock skew is desired. Three Vcc pins 
are provided and each one should be used. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pp = 80 mW typ/gate (No Load) 
tod = 2.4 ns typ (All Outputs Loaded) 
tr, te = 2.2 ns typ (20%-80%) 


FN SUFFIX 
PLCC 
20; CASE 775 





LOGIC DIAGRAM | ‘DIP 
PIN ASSIGNMENT 


5 
6 2 
¢ 3 
4 
9 
10 12 
11 13 
14 
Vec1 = Pin 1, 15 
Vcc2 = Pin 16 
Vee = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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and transverse air flow greater than 500 linear fpm is maintained. Outputs 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 









TEST VOLTAGE VALUES 


(Volts) 


Vee 
[800 [1800 [1205-1800 |. 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Vit min | ViHAmin | Vitamax | VEE 





are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are renee 
tested in the same manner. . -30°C 


Pin 
Under 
Symbol Test 













+25°C 






t 
nN 






MC10110 Test Limits 





Characteristic 


Power Supply Drain Current 
Input Current 5,6,7 
5.6.7 
Logic 1" VOH 
Output Voltage 
Logic “0” VOL 
Output Voltage 
VOHA 
VOLA 











5 
6 
7 








8 
_ 8 
_ 8 


Ss 
© 
= 
i] 
ond 
=k 
So 













Logic “1” 
Threshold Voltage 












Logic ‘‘0"’ 
Threshold Voltage 






Switching Times 
(50-ohm toad) 


Propagation Delay 





-3.2V 










Rise Time 
(20 to 80%) 











Fall Time 
(20 to 80%) 






ey 





*|ndividually test each input using the pin connections shown. 





(AA) MOTOROLA 


DUAL 3-INPUT 3-OUTPUT ee ee 
“NOR” GATE DUAL 3-INPUT 3-OUTPUT 
“‘NOR” GATE 

The MC10111 is designed to drive up to three transmission 
lines simultaneously. The multiple outputs of this device also 
allow the wire ‘‘OR’’-ing of several levels of gating for minimi- 
zation of gate and package count. 

The ability to control three parallel lines from a single point 
makes the MC10111 particularly useful in clock distribution ap- 
plications where minimum clock skew is desired. Three Vcc pins 
are provided and each one should be used. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 80 mW typ/gate (No Load) 
tod = 2.4 ns typ (All Outputs Loaded) 
tr, te = 2.2 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Pin 1, 15 
Pin 16 
Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input and one output. The other inputs and outputs are 
tested in the same manner. 





TEST VOLTAGE VALUES 


(Volts) 


re 2 eee 
ee ie rae ee 


. MC10111_ Test Limits 
Pin 3 = TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under |__-30° | sects Page (Veo) 


[Wax [iin [Max | unit [Vitex | Vitmin [VHA min [Vitamex [VEE] Gna 
ee = foamed a) ate 

perimeter ee 
P| uaae_| 3 | aas.i6 | 


-0.810 | -0.890 | -0.700 Vde 1,15,16 
-0.810 ; -0.890 ; -0.700 Vde 1,15,16 
~0.810 | -0.890 | -0.700 Vde 1,15,16 


5 


15 3.8 8 
1.2 38 





@ Test 
Temperature 


-30°C 






















Characteristic 


[| Min [Max | Min _| 
let Stbelicicoit GUreenR Ye, SNE Yes. 2 Se) ae Sle ed 
een aera 

7 | 05 | - | 08 | 


Logic ''1”’ 2 -1.060 | -0.890 -0.960 
Qutput Voltage -1.060 ; -0.890 ~0.960 
-1.060 | -0.890 -0.960 
Logic “0” VOL 
Output Voltage 
VOLA 













00 © © 



















sO 
link 









no 


Logic “1” 
Threshold Voltage 








Logic “O"' 
Threshold Voltage 








Switching Times 
(50-ohm load) 


Propagation Delay 









1.1 


Rise Time 
(20 to 80%) 










Fall Time 
(20 to 80%) 


AWN BWH sell 






I 





*Individually test each input using the pin connections shown. 


(AA) MOTOROLA 


MECL ih seres 


Peta QUAD EXCLUSIVE 
OR GATE 
The MC10113 is a quad Exclusive OR gate, with an enable com- 
mon to all four gates. The outputs may be wire-ORed together to 
perform a 4-bit comparison function (A = B). The enable is active 
low. 


L SUFFIX 
Pp 175 mW typ/pkg (No Load) ‘ CERAMIC PACKAGE 
tod 2.5 ns typ CASE 620 
= 2.0 ns typ (20% to 80%) 
P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
LOGIC DIAGRAM PIN ASSIGNMENT 





Vcc2 


Dout 
TRUTH TABLE 


|_IN_|E| OUTPUT Cout 


L L 

i H i Din 

L H 

L L i Din 

H L : Cc; 
o = Don’t Care - 


Cin 


Enable 


Vcc1 = Pin 1 
Vcc2 = Pin 16 


VEE = Pin 8 , ea 
Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 





TEST VOLTAGE VALUES 
(Volts) 


(Vcc) 
Gnd 











shown only for selected inputs and outputs. Other inputs and outputs are ; @ Test 
tested in a similar manner. Temperature 
| -30°C P=1.500 | 





+85°C 

















MC10113 Test Limits ; : 
Pin TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under : . 
Characteristic Symbol Test Vi max ViHA min | VILA max 






Power Supply Drain Current foie | 8 | 


Input Current lin H 


Logic “1” 
Output Voltage 
















Logic "0" 
Output Voltage 










Logic “1” 
Threshold Voltage 










Logic ‘‘0” 
Threshold Voltage 







+1.11V 






Switching Times (50 2 Load) 
Propagation Delay 










Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 


*Individually test each input applying Vj} or Vi_ to input under test. 













= 
oO 
=_ 
o 
=_ 
=_ 
W 





(AA) MOTOROLA 


TRIPLE LINE RECEIVER 


The MC10114 is a triple line receiver designed for use in sensing 
differential signals over long lines. An active current source and 
translated emitter follower inputs provide the line receiver with 
a common mode noise rejection limit of one volt in either the 
positive or the negative direction. This allows a large amount of 
common mode noise immunity for extra long lines. 

Another feature of the MC10114 is that the OR outputs go to 
a logic low level whenever the inputs are left floating. The outputs 
are each capable of driving 50 ohm transmission lines. 

This device is useful in high speed central processors, mini- 
computers, peripheral controllers, digital communication sys- 
tems, testing and instrumentation systems. The MC10114 can also 
be used for MOS to MECL interfacing and it is ideal as a sense 
amplifier for MOS RAM’s. 

A Vpp reference is provided which is useful in making the 
MC10114 a Schmitt trigger, allowing single-ended driving of the 
inputs, or other applications where a stable reference voltage is 
necessary. See MECL Design Handbook (HB205) pages 226 and 
228. 


Pp = 145 mW typ/pkg 
tod 2.4 ns typ (Single Ended Input) 
tod 2.0 ns typ (Differential Input) 


= 2.1 ns typ (20% to 80%) 


LOGIC DIAGRAM 


14 
15 
= 11 


VBB* 


Vcc2 = Pin 16 
VEE = Pin 8 


*Vpp to be used to supply bias to the MC10114 only and bypassed (when used) with 


0.01 «F to 0.1 uF capacitor. 


When the input pin with the bubble goes positive, its respective output pin with 
bubble goes positive. 
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MECL LGh SERIES 


TRIPLE LINE RECEIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 


through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 


one gate. The other gates are tested in the same manner. 






TEST VOLTAG E VALUES 
(Volts) 
















reese a 
-30°C From 
+25°C Pin | +0.190 | -0.850 | -1.810 | -2.850| -5.2_| 
















Pin MeO a Sins TEST VOLTAGE APPLIED TO PINS BELOW: 
rin [308] Wee 
Test | Min [| Max | Min | Typ | Max | Min | Max | eee COT AE Tee PC 
Fame Suopy ooncoren [te [8 pee eed SC ER EI 
7 A a cs 7 ee aK ae 


VoH -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 | vdc 9,12 
Logic “1” Output Voltage -1 pea -0.890 | -0.960 -0.810 | -0.890 | -0.700 | Vdc so 
ann ae 2 | -1.890| -1.675 | -1.850 -1.650 | -1.825 | -1.615 | Vdc 12 10, 
Logic utput Voltage 3 |-1.890} -1.675 | -1.850 -1.650 | -1.825 | -1.615 | Vdc iO 10, 
Voua | 2 | -1.080 -0.980 -0.910 Vdc 9,12 5,10,13 8 
EOGIE Cs oS DLGINOIT ON ee are -1.080 -0.980 -0.910 vde | 9,12 5,10,13 8 

























fe VOLA 2 -1.630 -1.595 | Vdc 9,12 
Logic * ‘O” Threshold Voltage ee -1.630 -1.595 | Vdc 9, 42 


Reference Voltage - 1 | at | } -1.280 | -1. 350 = | -1. 230 -1. 295 } -1.150 | Vde | 7 sae 
i 
















Common Mode Rejection Test Bred -0.890 | -0.960 -0.810 | -0.890 | -0.700 | Vdc 
-1 60 -0.890 | -0.960 -0.810 | -0.890 | -0.700 | Vdc 

-1.890 | -1.675 | -1.850 -1.650 7 -1.825 | -1.615 | Vdc 

~1.890 | -1 675 -1.850 -1.650 } -1.825 -1. 615 | Vdc 






Switching Times (50-ohm Load) 
Propagation Delay** 














Rise Time (20% to 80%) 












Fall Time (20% to 80%) 





WH WN WWNHN 
WN WN WWN AY 
: on 
Ss 
i) 
Hf 
W 
i 
hod 
<-_ Oli 
< 
+ 
m1 NO 
bal bos bee 
P< 


*VIHH — Input logic “1” level shifted positive one volt for common mode rejection tests 
ViILH — Input logic 0” level shifted positive one volt for common mode rejection tests 
VIHL — Input logic “1” level shifted negative one volt for common mode rejection tests 
VILL — Input logic “0” level shifted negative one volt for common mode rejection tests 

**Delay is 2.0 ns with differential input 


VLLOLOW 


(A) MOTOROLA 


MECL 10K sens 


QUAD LINE RECEIVER QUAD LINE RECEIVER 

The MC10115 is a quad differential amplifier designed for use 
in sensing differential signals over long lines. The base bias sup- 
ply (Vgp) is made available at pin 9 to make the device useful as 
a Schmitt trigger, or in other applications where a stable reference 
voltage is necessary. 

Active current sources provide the MC10115 with excellent 
common mode noise rejection. If any amplifier in a package is 
not used, one input of that amplifier must be connected to Vag 
(pin 9) to prevent upsetting the current source bias network. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 110 mW typ/pkg (No Load) 
tpd = 2.0 ns typ 
ty, te = 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


*V Bp to be used to supply bias to the MC10115 only and bypassed (when used) with 
0.01 uF to 0.1 uF capacitor. 


When the input pin with the bubble goes positive, the output goes negative. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
Circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fom is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 
















TEST VOLTAGE VALUES 


ViHA min | VILA max 
(Vcc) 
G 












@ Test 
Temperature 
+25°c [0810 | -1850 [1105 | -1.475_ | Pin 





MC10115_ Test Limits 


ihe a a ae TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 

Characteristic symbol_| Test [Max | Min | Unit 
ee Tr 

ee el 

aera eS 1, 














nd 
[PowerSuppiy Draincurrent | te | 8 | — sar | 8 
ca 

pse1ta2 | 84 | 1.16 
3] 

16 


Twin [Mex | Min | 
ae em ea ae P16 | 
is a Se ea ea Cate | 
Piso ef we eal 
| =1.086 [0.800 | -0960 [-o8i0 | 0890 |-0700| vee | 7rors | 4 ee SIR 


Switching Times (50 {2 Load) 







t 

_ 

on | | 
© 

a 


Psei12 | _3_| 


































Propagation Delay tq_24 2 5,6,11,12 8 1,16 
; t4+2- 

Rise Time (20% to 80%) to4 

Fall Time (20% to 80%) t2_ 





GLLOLOIN 


@) mororo.a 


TRIPLE LINE RECEIVER 


The MC10116 is a triple differential amplifier designed for use 
in sensing differential signals over long lines. The base bias sup- 
ply (Vgp) is made available at pin 11 to make the device useful 
as a Schmitt trigger, or in other applications where a stable ref- 
erence voltage is necessary. 

Active current sources provide the MC10116 with excellent 
common mode noise rejection. If any amplifier in a package is 
not used, one input of that amplifier must be connected to Vag 
(pin 11) to prevent upsetting the current source bias network. 

Complementary outputs are provided to allow driving twisted 
pair lines, to enable cascading of several amplifiers in a chain, or 
simply to provide complement outputs of the input logic function. 


Pp = 85 mW typ/pkg (No Load) 
tod = 2.0 ns typ 
ty, te = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


15 
Ly 
VBB* 


Vcc1 = Pin1 
Vcc2 Pin 16 
VEE = Pin8 


*Vpp to be used to supply bias to the MC10116 only and bypassed (when used) with 
0.01 uF to 0.1 uF capacitor. 


When the input pin with the bubble goes positive, its respective output pin with 
bubbie goes positive. 
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MECL 104 sens 


TRIPLE LINE RECEIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. . 





co-€ 


one gate. The other gates are tested in the same manner. 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 





TEST VOLTAGE VALUES 
(Volts) 




















@ Test 
-30°C From [Be | 














Test 


MC10116 Test Limits 
Pin 30°C 5°C 5°C TEST VOLTAGE APPLIED TO PINS BELOW: 
Under - [taste | taste 
Characteristic Symbol == 


[| Min | Tye | Max_| 
[Paner Suppiy Drain Curent] Je Fee aa a 
Ce ee ieee Be 
HB bf. 4 20 
High Output Voltage -1.060 | -0.890 | -0.960 
-1.060 ; -0.890 | -0.960 
ere Le 


Reference Voltage | Ves | 


Switching Times (50 © Load) 










-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 9.1 
-1.890 } -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vdc oi 
- 1.080 -0.980 
- 1.080 -0.980 
_. - 1.630 -1.595 Vdc 9,12 
~ 1.630 - 1.595 Vdc 2 











FT | | hit | Ali 
| 


PU LE 







jo) 





Propagation Delay 






















—_ 
alk 





Rise Time 
(20% to 80%) 


Fall Time 
(20% to 80%) 






WN WH WWHNY 





WN WN WWNHND 






(AA) MOTOROLA 


DUAL 2-WIDE 2-3-INPUT 
“OR-AND/OR-AND-INVERT”’ 
GATE 


The MC10117 is a general purpose logic element designed for 
use in data control, such as digital multiplexing or data distri- 
bution. Pin 9 is common to both gates. 


Pp = 100 mW typ/pkg (No Load) 
tod = 2.3 ns typ 
tr, te = 2.2 ns typ (20%-80%) 


LOGIC DIAGRAM 


Vcec1=Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 
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MECL 10h sens 


DUAL 2-WIDE 2-3-INPUT 
“OR-AND/OR-AND-INVERT” 


GATE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





VE-E 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 


VIHA min | VILA max 

















@ Test 
Temperature 










-MC10117_ Test Limits 


Pin T T . 
(Vcc) 
[Mex | Min | Tye | Unit Vina min | VILA max Gnd 










| Max | Min | Max _| 

= ee ee ee ee ee 
Input Current F 425 pAdc 4 
390 uAdc _ 

05 a a a 














as =a | wAdc | ee 
Logic ‘1’ Output Voltage VoH -.390 | -0.960 -810 | -0.890 lee ve i al ES 1,16 
-1.060 | -0.780 | -0.960 -0.700 | -0.890 | -0.590 | Vdc 8 1,16 
-1.890 | -1.675 | -1.850 _-1.650 | -1.825 | -1.615 | Vdc 8 
- 1.080 -0.980 -0.910 Vde 8 
-1.630 -1.595 | Vdc 8. 
Switching Times (50 2 Load) | +4.41V | | PulseOut | -3.2V | +2.0V | 





Propagation Delay 













—_— 
= 


Rise Time 
(20 to 80%) 

Fall Time 

(20 to 80%) 







: +1.11V 
| | 3.4 1.4 3.8 ns 9 4 
E 2.2 4.0 1.1 46 


oO = 

wo —s 

WN WN WWNN 
-——- 
—_ 

= 

a 





* Inputs 4, 5, 12 and 13 Have Same lin H Limit 
Inputs 6, 7, 10 and 11 Have Same lin q Limit 


LLLOLOIN 


(A) MOTOROLA 


DUAL 2-WIDE 3-INPUT 
“OR-AND” GATE 


The MC10118 is a basic logic building block providing the OR/ 
AND function, useful in data control and digital multiplexing 
applications. 


Pp = 100 mW typ/pkg (No Load) 
tpd = 2.3 ns typ 
tr, te = 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


Vcec1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 
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DUAL 2-WIDE 3-INPUT 
“OR-AND” GATE 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLEC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 


-0.890 | -1.890 | -1.205 
-0.700 - 1.825 - 1.035 -1.440 


Pin MC10118_ Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


rene we 
oe ee ee eo ees) 
si 


wAdc 6 8 1,16 
7 
y 9 viy 
uAdc 6 \ 1,16 
y 7 
9 


a a 












@ Test 
Temperature 


-30°C 
+25°C_ 
+85°C 




















Characteristic 








Input Current 









~j— 






Switching Times (50 §2 Load) 
Propagation Delay 











Rise Time (20 to 80%) 
Fall Time (20 to 80%) 





* Inputs 3, 4, 5, 12, 13 and 14 Have Same lin H Limit 
Inputs 6, 7, 10 and 11 have same lin H Limit 


SLLOLOIN 


(MA) MOTOROLA 


4-WIDE 4-3-3-3-INPUT 


art ae 4-WIDE 4-3-3-3-INPUT 


“OR-AND” GATE 


The MC10119 is a 4-Wide 4-3-3-3-Input OR/AND gate with one 
input from two gates common to pin 10. 





Pp = 100 mW typ/pkg (No Load) 
tod = 2.3 ns typ L SUFFIX 


tr, tf = 2.5 ns typ (20%-80%) ee 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





LOGIC DIAGRAM 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
one gate. The other gates are tested in the same manner. 





TEST VOLTAGE VALUES 
(Volts) 








@ Test 
-30°c [0800 | -1890 | -1.205 | 1.500 | 52 






MC10119 Test Limits 





TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


ViH max VIHA min | VitAmax | VEE 











3 






Switching Times (50 2 Load) 


Propagation Delay 2 8 











Rise Time (20 to 80%) 
Fall Time (20 to 80%) 


a 
| 10,15 | 15 ae a ae 
By 





* Inputs 3,4,5,6,7,9,11,12,13,14,15 Have Same lin 4 Limit 








Ss 
© 
_ 
© 
= 
= 
co 





(AA) MOTOROLA MC10121 


MECL Leh SERIES 


4-WIDE 4-WIDE 
“QR-AND/OR-AND-INVERT”’ GATE “OR-AND/OR-AND-INVERT” 
GATE 
The MC10121 is a basic logic building block providing the si- 
multaneous OR-AND/OR-AND-INVERT function, useful in data 
control and digital multiplexing applications. 





tod = 2.3 ns typ pW) = CERAMIC PACKAGE 
° ' CASE 620 
tr, te = 2.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
CASE 775 


LOGIC DIAGRAM PIN ASSIGNMENT 


Vcci = Pin1 
Vcc2 = Pin 16 
VEE = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 


TEST VOLTAGE VALUES 
(Volts) 








@ Test 
Temperature 


-30°C -0.890 
+25°C ~0.810 
-0.700 














MC10121 Test Limits : 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 











Characteristic Symbol 
Power Supply Drain Current 











Input Current 











Logic ‘'1" 
-Output Voltage 
Logic “0” 
Output Voltage 




















Logic ‘'1" 

Threshold Voltage 
Logic ‘’0”’ 

Threshold Voltage 











Switching Times . ; 
(50 22 Load) . Pulse In Pulse Out 


Propagation Delay 4 








Rise Time 
(20 to 80%) 

Fall Time 
(20 to 80%) 























NWNWNNwWW 
NW NWNNWw 








*This is advance information and specifications are subject to change without notice. 


LZLOLOW 


(AA) MOTOROLA 


TRIPLE 4-3-3 INPUT 
BUS DRIVER 


The MC10123 consists of three NOR gates designed for bus 
driving applications on card or between cards. Output low logic 
levels are specified with Vo, = — 2.1 Vdc so that the bus may be 
terminated to — 2.0 Vdc. The gate output, when low, appears as 
a high impedance to the bus, because the output emitter-followers 
of the MC10123 are “‘turned-off."’ This eliminates discontinuities 
in the characteristic impedance of the bus. 

The VOH level is specified when driving a 25-ohm load termi- 
nated to — 2.0 Vdc, the equivalent of a 50-ohm bus terminated at 
both ends. Although 25 ohms is the lowest characteristic imped- 
ance that can be driven by the MC10123, higher impedance values 
may be used with this part. A typical 50-ohm bus is shown in 
Figure 1. 


= 310 mW typ/pkg (No Load) 
3.0 ns typ 
2.5 ns typ (20%—80%) 


LOGIC DIAGRAM 


FIGURE 1 — 50-OHM BUS DRIVER 


1/3 MC10123 1/3 MC10123 1/3 MC10123 


) 


RECEIVERS (MECL Gates) 


3-41 


MECL 10K series 


TRIPLE 4-3-3 INPUT 
BUS DRIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 25-ohm resistor to — 2.1 volts. Test procedures are 
shown for only one input an one output. The other inputs and outputs are 
tested in the same manner. 





TEST VOLTAGE VALUES 











@ Test 













Pin MC10123 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


Under (Vee! 
a ee Symbol Test aaa mee |e eee fied ViH max “a min VIHA min VILA max Gnd 
Power ace Drain Current le 71 mAdc 4,5,6,7,9,10 
11,12,13,14 
in 


Input Current ee es es | 220 | | Ade | 
SEE Be a ee 


sts he -0.960 -0.810 | -0.890 | -0.700 
ae Voltage 
Logic ‘’0” -2.030 -2.030 -2.030 4,5,6,7,9,12 
Output Voltage 
Logic “1” VOHA 3 -1.080 -0.980 
Threshold Voltage 













Logic “ 












Logic ‘‘0” VOLA 3 -2.010 -2.010 -2.010 
Threshold Voltage 


Switching Times 
(25-ohm load) 


Propagation Delay 














Rise Time 
(20 to 80%) 


Fall Time 
(20 to 80%) 










EZLOLOIN 


(AA) MOTOROLA 


QUAD TTL TO MECL TRANSLATOR 


The MC10124 is a quad translator for interfacing data and con- 
trol signals between a saturated logic section and the MECL sec- 
tion of digital systems. The MC10124 has TTL compatible inputs, 
and MECL complementary open-emitter outputs that allow use 
as an inverting/non-inverting translator or as a differential line 
driver. When the common strobe input is at the low logic level, 
it forces all true outputs to a MECL low logic state and all inverting 
outputs to a MECL high logic state. 

Power ‘supply requirements are ground, +5.0 Volts, and —5.2 
Volts. Propagation delay of the MC10124 is typically 3.5 ns. The 
dc levels are standard or Schottky TTL in, MECL 10,000 out. 

An advantage of this device is that TTL level information can 
be transmitted differentially, via balanced twisted pair lines, to 
the MECL equipment, where the signal can be received by the 
MC10115 or MC10116 differential line receivers. The MC10124 is 
useful in computers, instrumentation, peripheral controllers, test 
equipment, and digital communications systems. 


= 380 mW typ/pkg (No Load) 
tod = 3.5 ns typ (+ 1.5 Vdc in to 50% out) 
tr, te = 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


Gnd 
Vcc (+5.0 Vdc) 
VEE (—5.2 Vdc) 
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MECL Lah SERIES 


QUAD TTL TO MECL 
TRANSLATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





Bout 
Aout 
Bout 


Aout 
Ain 


Common 
Strobe 


Bin 


VEE 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one translator. The other translators are tested in the same 
manner. 


TEST VOLTAGE/CURRENT VALUES 
Volts 


@ Test 
Temperature VIHA’ VILA’ Ve VR Vcc VEE 1 
- 30°C v0.40 | 42.40 | 45.00 | 52 | 10 in 


Pin MC10124 Test Limits 
bis TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 
Inder 
Characteristic Symbol! Test VIHA’ VILA‘ 
Negative Power Supply 
Drain Current 
Positive Power Supply CCH #10, 
Drain Current 
ICCL 
ee 
(canon Ba 
High Output Voltage -1.0 -0.890 { -0.960 -0.810 | -0.890 | -0.700 
-1.0 -0.890 | -0.960 -0.810 | -0.890 | -0.700 
Low Output Voltage -1.890 .| -1.675 -1.650 | -1.825 | ~+-1.615 Vde 
-1.890 | -1.675 -1.650 | -1.825 | ~-1.615 Vde 
High Threshold Voltage -1.080 ~0.980 
~1.080 -0.980 
Low Threshold Voltage -1.655 
~1.655 


Switching Time (50-2 load) 


Propagation Delay 
(+3.5 Vdc to 50%)@ 




















~ 
Nh 











5,6,7,10,11,16 














NON 








5,7,10,11 
6 


dial 


5,7,10,11,16 
6,16 
16 
16 


OWwrooO;o oO; Oo 














NO 
| 


| 

















g 


~ oO 
aon 
an 











am 
A. 





3 











16 

: 16 
_ - 16 
- 16 


16 
16 
+7.0 Vde | -3.2 Vde +2.0 Vdc 


@ See switching time test circuit. Propagation delay for this circuit is specified from +1.5 Vdc in to the 50% point on the output waveform. The +3.5 Vdc is shown here because ail logic and supply levels are shifted 2 volts positive.) 





oo 
loodood Meoolicek Meodoon mee) 


ae 
Ores 
IN 


aon 














Rise Time (20% to 80%) 





Fall Time (80% to 20%) 








SWITCHING TIME TEST CIRCUIT 


Vin 
) 
Coax 
Ca 
Input 
(O) 

Puise Generator 
Input Pulse 
tt=t-=55+0.5 ns 

(10 to 90%) 


0.1 uF T 25 uF 


50-ohm termination to ground lo- 
cated in each scope channel input. 


All input and output cadies to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TP;, to input 
pin and TP out to Output pin. 





+2.0 Vde 


NOTE: All power supply and logic levels are shown 


shifted 2 volts positive. 
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Vout 
AND 


Coax 


Unused outputs 
connected to a 
50-ohm resistor 
to ground. 








MOTOROLA 


QUAD MECL TO TTL 
TRANSLATOR 


The MC10125 is a quad translator for interfacing data and con- 
trol signals between the MECL section and saturated logic sec- 
tions of digital systems. The MC10125 incorporates differential 
inputs and Schottky TTL “totem pole” outputs. Differential inputs 
allow for use as an inverting/non-inverting translator or as a dif- 

ferential line receiver. The Vpp reference voltage is available on 

pin 1 for use in single-ended input biasing. The outputs of the 
MC10125 go to a low logic level whenever the inputs are left 
floating. 

Power supply requirements are ground, +5.0 Volts and —5.2 


Volts. Propagation delay of the MC10125 is typically 4.5 ns. The | 


MC10125 has fanout of 10 TTL loads. The dc levels are MECL 
10,000 in and Schottky TTL, or TTL out. This device has an input 
common mode noise rejection of + 1.0 Volt. - . 

An advantage of this device is that MECL level information can 
be received, via balanced twisted pair lines, in the TTL equipment. 
This isolates the MECL logic from the noisy TTL environment. 
This device is useful in computers, instrumentation, peripheral 
controllers, test equipment and digital communications systems. 


Pp = 380 mW typ/pkg (No Load) 


tod = 4.5 ns typ (50% to + 1.5 Vdc out) 
tr, tf = 2.5 ns typ (1.0 V to 2.0 V) 


LOGIC DIAGRAM 


Gnd Pin 16 
Vcc (+5.0 Vdc) = Pin 9 
Vee (—5.2 Vdc) Pin 8 


*VBp to be used to supply bias to the MC10125 only and bypassed (when used) with 


0.01 wF to 0.1 wF capacitor. 


When the input pin with the bubble goes positive the output goes negative. 
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MC10125 


MECL 10h sens 


QUAD MECL TO TTL 
TRANSLATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Test pro- 
cedures are shown for only one translator. The other translators are tested 
in the same manner. 


@ Test 


MC10125 Test Limits 


Pin 
Under 
Characteristic Symbol Test 


Negative Power Supply 
Drain Current 
Positive Power Supply CCH 
D Current 
rain Curren Tec 


a 
2 
ze 
aime 
ie ae 
ae | 
na 
Indeterminate Input VoLs1 
Protection Tests ee 
= oe 
ie 
lee 


Short-Circuit Current i 
Reference Voltage 


Common Mode 
Rejection Tests 















Switching Times 






Propagation Detay 
(50% to +1.5 Vdc) 











Rise Time (+1.0 Vdc to 2.0 Vdc) 
Fall Time (+1.0 Vdc to 2.0 Vde) 





@® Individually test each input, apply VIH max to pin under test. 








TEST VOLTAGE VALUES 
(Volts) 


-30°¢ _ 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 




































ee Output 
a Ga faa (ae 
[mac [aero | - | - | - |-|-]-]-[eaue[ 3 ae ne 
Paes eee eee ee 
Paaec [ostomy - | - | - |-|-,-]-|ee8[ es [3s [* [ - 
eae — | - | - | - |-|]-[- |= [ene[ 9 [eesioa[ ie [| 
[vie [Paiva = = = = = eras se oe | 
OK LSC J a 
a a ee 
en a Ss a a He eed ee ee 
A OR Wa el GR a 
10,11,14,15 
Ic 

Se Gs sr cl 
as 2e0g |e ee ee] a se eae | 
Ee es Ea a es ee ee ee ee 
: - = 8 -2.0 mA 
e brie famasfect FF? Sf 
= ad 3 8 16 20 mA 

| Patee in| Putas Our | Gr (FT 

{ | 
6 5 
, 2 4 








SCLOLOIN 








SWITCHING TIME TEST CIRCUIT 












(33 


Pulse Generator 


Input Pulse 
tt = t- = 2.0+0.2 ns 
(20 to 80%) 


~1.69 Vdc O 
C._ = 25 pF, including test fixture 


One input from each gate must be tied to Vag 
(Pin 1) during testing. 


50-ohm termination to ground lo- 
cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPjp, to input 
pin and TP out to output pin. 
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oe ~_MC10125 | 


(AA) MOTOROLA 


BUS DRIVER MECL 104 series 


The MC10128 is designed to provide outputs which are com- 
patible with IBM-type bus levels; or, if desired, it will drive TTL 
type loads and/or provide TTL three-state outputs. The inputs BUS DRIVER 
accept MECL 10,000 levels. The MC10128 output levels can be 
accepted by the MC10129 Bus Receiver. 

The operating mode IBM or TTL is selected by tying the external 
control pins to ground or leaving them open. Leaving a control 
pin open selects the TTL mode, and tying a control pin to ground 
selects the IBM mode. 

The TTL mode will drive a 25-ohm load, terminated to +1.5 
Vdc or a 50-ohm load, terminated to ground. The device has 
totem-pole type outputs, but it also has a disable input for three- 
state logic operation when the circuit is used in the TTL mode. 
When in the high state the disable input causes the output to 
exhibit a high impedance state when it would normally be a pos- 
itive logic “1” state. When the strobe is in the high state it inhibits 
the output data in the low state. . 16 

Latches are provided on each data input for temporary storage. : 

When the clock input is in the low logic state, information present L SUFFIX 

at the data inputs D1 and D2 will be fed directly to the latch output. saan aie 

When the clock goes high, the input data is latched. The outputs 
_are gated to allow full bus driving and strobing capability. 

The MC10128 is useful in interfacing and bus applications in 
central processors, mini-computers, and peripheral equipment. 





j 
1 





LOGIC DIAGRAM PIN ASSIGNMENT 


CONTROL 1 
913 


Q2 Q1 


Strobe V 
RESETS ce 
DISABLE 1 


DISABLE 2° 


' 6 
D20 


Control 2 Control 1 
Disable 2 Disable 1 
D2 D1 


Reset 


VEE 


CONTROL 2 
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ELECTRICAL CHARACTERISTICS — TTL MODE 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- _TEST VOLTAGE/CURRENT VALUES 











cations shown in the test table, after thermal equilibrium has been estab- TEST VOLTAGE. VALUES |mAdc | wAde | mAde | 
lished. The circuit is in a test socket or mounted on a printed circuit board Volts : 
and transverse air flow greater than 500 linear fpm is maintained. < ren vines ViwASe Sicmeacs | Wee 
Temperature | Vitmax| Vitmin|ViHAmin| ViLAmax | VEE| Voc 'OL 
-30°C | -0.890 | -1.890 | -1.205 | -1.500 | -5.2| 5.00 [| -s0 | -100 | +56 | 
| vase [non | teas [-toos | =taeo [52] 0 [0] 100 | 50-] 





TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Vitimax | ViLmin | ViHAmin}| ViLAmax | VEE} Voc lion | 





Characteristic 


Negative Power Supply 
Drain Current 


Positive Power Supply 
Drain Current 


Input Leakage Current 







09, 
oi 
os 





i) 
2) 
oa 














0S-€ 




















r 
> 
o 
(o) 

—_> — => 
Nao Ve 
>| -—= 
= 
ey 
— 
~+~—— 0 
—_ 
a 





(265. 
\485_ 
ices Ve | = | 14 | = | 1, 9,16 
Logic ‘1’ 11 8 14 2,15 — 1, 9,16 
Output Voltage 1 8 14 — 2,15 1, ,9,16 
Logic .’0"’ 3 8 14 2,15 1, 9,16 
Output Voltage 3 8 14 2,15 1, 9,16 
Logic 1" 7 10: Gt) 3 14 2,15 1, 9,16 
Threshold Voltage 7 10 @ 8 | 14 | 2,15 1,916 
Logic "0" VOLA 11. 17,10 3 8 | 14 2,15 1,9 16 
Threshold Voltage 6 7,10 3 8 14 2,15 1,916 
Output Short Circuit Current Isc 8 14 1,2, 9 15,16 
8 14 1,2, 9 15,16 






Switching Times T 
Propagation Delay 










Data Input 






t44-15- 


t10-15+ 
110-15- 





Clock Input 





















































Reset Input t74+15- 
t7+2- 
. STROBE Input 13415- 
13-15+ 
3+ 2- 
3-2+ 
Setup Time tsetupH 
tsetupL 
Hold Time thoidH 
tholdL 
Rise Time (20% to 80%) tq15+ 





Fall Time (20% to 80%) 


. | i i or 
s a alaa > 
: a 1a 0 Q 
io} 
| | fe: 





t15- 





© A pulse is applied to pin.10. 


Min 


LS 


Vita—pm jag— 100 nsec. min 


= 
I 


* Apply Vitmin individually to pin under test. 
@ Output latched to logic Low state prior to test. 
@ Output latched to logic High state prior to test. 
t See waveforms 


LS-€ 


ELECTRICAL CHARACTERISTICS ; CONTROL 1 
— IBM MODE 
Each MECL 10,000 series circuit has been 





designed to meet the dc specifications — *«ser0 
shown in the test table, after thermal 5 
equilibrium has been established. The 
circuit is in a test socket or mounted ona ng 
printed circuit board and transverse air 
flow greater than 500 linear fpm_ is 
maintained. 





Volts 


- @ Test 
°°? Temperature Vitimax | Vitmin | Vin Amin 
~30°C -0.890 | -1.890 } -1.205 





64 
STROGES CONTROL 2 


Pin MC 10128 Test Limits 
Under ~ +25 +85°C 
Characteristic Symbol Test 


Negative Power Supply 
Drain Current 
i 
Vv 
Vv 





Ww 
fo) 
>) 
i 








Input Leakage Current inH 3 
7 
10 
11 
12 





Positive Power Supply ( 
Drain Current 





rz 
> 
Q 
rs) 


Ww 
i 
—_ 


uAdc 3 
7 
10 
11 
12 
pce 
Logic ‘'1" OH 15 Vde 11 
Output Voltage 15 Vdc 11 
Logic “0” OL 15 
Output Voltage 2 
Logic “1” VOHA 15 . 
Threshold Voltage 2 - 
15 7 
2 7 
Cc 15 
2 


0.15 | -0.5 
0.15 | -0.5 
0.25 
0.25 


Vdc 3 
Vde 3 


w 
re 
fh 


7 
,10 
Rie 
rae 


~-0.890 V |-1.690 V 


a 
3 
3 


oo ooO/m 
NN ~~ | | 
CG aala 
° 
w 


Logic “0” VOLA 
Threshoid Voltage 
Output Short Circuit Current 


Switching Times + 
Propagation Delay 


ae 
ae 
-0.5 


W WwW 
NN 
oo 

<< 
Qa 
a 0 





Data Input t714+15+ ; 1.0 1.0 ns 
t41-15- 
Clock !nput 10-15+ | 
t10-15- 
Reset Input t7+15- 
t7+2- 
STROBE Input t34+15- 
t3-15+ 
t3+2- 
t3-2+. 
Setup Time tsetupH 7 - 
tsetupL 7 = 
Hold Time tholdH f - 
tholdL 7 2 
Rise Time (20% to 80%) t454+ ; : 1.0 1.0 
Fall Time (20% to 80%) t15- 1.0 1.0 
* Apply Vitmin individually to pin under test. @ A pulse is applied to pin 10. Vin 


@ Output latched to logic Low state prior to test. 





@ Output latched to logic High state prior to test. 


t See waveforms Vita—pm jxg— 100 nsec min 





VitAmax 
-1.500 


-1.475 


ol 
N 


ed 
B 
eee 
Ed 
mem 


15 


2 


15 
15 


2 
15 


VEE 
2 
5.2 


or 


on 


|= _[ee|ee|nn|ma|e0]nj|-—sa| o| o| 
~—_ — 
h eS 








+6.00 


TEST VOLTAGE/CURRENT VALUES 
TEST VOLTAGE VALUES 


mAdc 


-693 
-59.3 
-59.3 


uAdc 


1OH2 
-30 


-30 
-30 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


VitHmax | Vitmin | ViHAmin ViLAmax | VEE| Vcc 


lov 
-230 


230 
1OL 





1,4,9,13,16 


1,4,9,13,16 





1,4.9,13,16 











2,15 
2,15 


2,15 
2,15 


1 
N 
W 
o 





1,4,9,13,16 
1,4,9,13,16 
1,4.9,13,16 
1,4,9,13,16 
1,4.9,13,16 
1,4,9.13,16 
1,4,9,13,16 
1,4,9.13,16 
1,4,9,13,16 
1,2,.4,9,13,15,16 
1.2.4.9 13,15,16 


1,4,9,13,16 








SZLOLOIN 








Vin 





Pulse Generator — 
Input Pulse 


t+ =t-= 2.0+0.2 ns 
(20 to 80%) 


PRF = 1.0 MHz 
ViH = -0.89 V 
Vit = -1.69 V 





| MC10128 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C — TTL MODE 


=a 
OWI On) Ow 


O® 


0.1 WF 
T CONTROL 1 


ot 013 





O 4 (Control 2) 


aes MEF 


-5.2 Vdc 
VEE 


50-ohm termination to ground to- 
cated in each scope channel input. 


Alt input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be 
< 1/4 inch from TPjp7 to input pin 
and TP oyt to Output pin. 
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0 0 +5.0 Vdc 
Coax 
Cp 
950 
280 
Alf Diodes 


a8 MMD7000 
or Equiv... 


CL = 20 pF, including test fixture 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C — IBM MODE 


Vcc Vout 
+6.0 Vdc 


0.1 WF 
at Coax 


P13 a 
CONTROL 1 


ie ae roo 
| 
| 





Coax 450 


Input 


Pulse Generator 
Input Pulse 


tth=t-= 2.0+0.2 ns 
(20 to 80%) 


PRF = 1.0 MHz 
Vin = -0.89V 
Vit = -1.69V 





-0.89 V 

-1.69V 
ie? 50-ohm termination to ground fo- 
cated in each scope channel input. 

-0.89 V 


All input and output cables to the 
scope are equal lengths of 50-ohm 

-1.69V coaxial cable. Wire length should be 
< 1/4 inch from TPjp, to input pin 
and TP oy to Output pin. 
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VOLTAGE WAVEFORMS 








DATA INPUT 
Start Cycle 
t44-15 - 
-0.89V 
-1.69V 
STROBE INPUT 
-0.89 V 
Strobe : 
-1.69V 
t3-2+ 
CLOCK INPUT 
-0.89V 
Data 200 ns : 
Clock ¢-—-—_____—— -1.69V 
50% 
Output 15 
t10-15+ t40-15- 
RESET INPUT 
Clock 
-0.89 V 
60 ns 
-1.69V 
30.78 |Z 50% a 
Reset 60 ns 
-1.69V 
Output +1.5 Volts 
t7+2- 
TTL — MODE iBM — MODE 
VoL = 0.5 Volts Max VoL = 0.25 Volts Max 
VOH = 2.5 Volts Min VoH = 3.11 Volts Min 


(A) MOTOROLA 


QUAD BUS RECEIVER 


The MC10129 bus receiver works in conjunction with the 
MC10128 to allow interfacing of MECL 10,000 to other forms of 
logic and logic buses. The data inputs are compatible with, and MECL LOK series 
accept TTL logic levels as well as levels compatible with IBM- 
type buses. The clock, strobe, and reset inputs accept MECL 10,000 
logic levels. 

The data inputs accept the bus levels, and storage elements are 
provided to yield temporary latch storage of the information after 
receiving it from the bus. The outputs can be strobed to allow 
accurate synchronization of signals and/or connection to MECL 
10,000 level buses. When the clock is low, the outputs will follow 
the D inputs, and the reset input is disabled. The latches will store 
the data on the rising edge of the clock. The outputs are enabled 
when the strobe input is high. Unused D inputs must be tied to 
Vcc or Gnd. The clock, strobe, and reset inputs each have 50 k 
ohm pulldown resistors to Veg. They may be left floating, if not 
used. 

The MC10129 will operate in either of two modes. The first 
mode is obtained by tying the hysteresis control input to Veg. In 
this mode, the input threshold points of the D inputs are fixed. 
The second mode is obtained by tying the hysteresis control input 
to ground. In this mode, input hysteresis is achieved as shown L SUFFIX 
in the test table. This hysteresis is desirable where extra noise CERAMIC PACKAGE 
margin is required on the D inputs. The outer input pins are un- con 
affected by the mode of operation used. 

The MC10129 is especially useful in interface applications for 
central processors, mini-computers, and peripheral equipment. 


Pp = 750 mW typ/pkg (No Load) 
tod = 10 ns typ 


Vcc Max = 7.0 Vde PIN ASSIGNMENT 


QUAD BUS RECEIVER 








LOGIC DIAGRAM 


Hysteresis 
Control LI] > 


TRUTH TABLE 


D3 40 
Hysteresis a 
Control 50 ee 4 
Clock 110 
ia | o | 


Reset 10 . 
Strobe 12 © ¢@ = Don’t Care 
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ELECTRICAL CHARACTERISTICS 








Each MECL 10,000 series circuit has been designed to meet the dc specifi- shown for only one input/output combination. Other combinations are tested 
cations shown in the test table, after thermal equilibrium has been estab- in the same manner. 

lished. The circuit is in a test socket or mounted on a printed circuit board 

and transverse air flow greater than 500 linear fpm is maintained. Outputs TEST VOLTAGE VALUES 

are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 2 ves 







MECL 10,000 INPUT LEVELS * TTL INPUT LEVELS *1BM INPUT LEVE‘S HYSTERESIS MODE : a 
@ Test 































Temperature in|ViLamax| Vin | Viv 
-30°C Faso | 1980 | 1205 | 1500 [2000] Oaoe [zee [ose fannf ovee |< 
+28°C [ssn | ao | 7.105 | 21.475 0.400 | 2.000 | 0.800 | 3.11] 0.150 | 1.700 | 0.70 
+85°C | 2.000 | o800,] 3.11{ 0150] - | 
Pin MC10129 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
under] -30c | tzstc Tt 
Vin | Vie Vin 






Negative Power 
Supply Drain Current 


input Current Th 


a Fs [ane Reever | ae 









Logic “1° 
Output Voltage 


Logic “0” 2 -1.89 -1.675 |] -1.850 -1.825 } -1.615 
Output Voltage 3 
he 2 
3 
Logic “1” VoHA | 2 (4)| -1.08 -0.980 --0.910 
2 
2 
2 
28 
2 


Threshold Voitage 
VoOLaA . 2 @ -1.655 -1.630 -1.595 
2@ 
2 


t42-14- 
t10+14- 






Ss 
© 
= 
oO 
= 
NO 5 
© 


a= 



















Logic “0” 
Threshold Voltage 










Switching Times 
Propagation Delay 
Data Input 











1 


Clock input 










Strobe Input 






a 


Reset Input 














Hysteresis Mode 7444+ 
17-14- 
tsetup 
thold 
tt 











Setup Time 
Hold Time 
Rise Time 
Fall Time 









t- 


“When testing choose either TTL or IBM Input Levets. Vv HA’ Vv IHA’’ 





s : ® Operation and limits shown also apply for Vcc = +6.0 V. 


@ input level on data input taken from +0.4 V up to voltage level given. 
@® input level on data input taken from +4.0 V down to voltage level given. 
@ Output latched to logic high state prior to test. 


Vina’. VILA’ are standard logic "1" and logic “0 MTTL threshold voltages. 
Vina’. VILA”. VIHA” and ViLa are logic ‘1°’ and logic 0" threshold voltages in the hysteresis mode 
as shown in diagram. 


© Pin 5 to Veg. Vi_ to Data input one at a time 


Hysteresis Mode 
= Threshold Voltage 






Logic sdiden fad 






Logic ‘‘0’’ 








SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 











| 
14 | 
0Q0 | 
| 
Pulse Generator | | 
Input Pulse | | 
te=t-=55+05ns | | 
(10 to 90%) Pees see 
Unused Inputs (D) | 0Q1 | 
must be tied to | | 
Vcc or Pin 16 
| | 
| | 
less | 
D20 3 
50-ohm termination to ground 1o- | 002 | 
cated in each scope channel input. | | 
All input and output cables to the | | 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be | | 
< 1/4 inch from TPj, to input pin | | 
and TPoyt to output pin. | 4 i | 
D30 
| 03 | 
a P | 
Hysteresis | R | 
Control 50 
Clock | 110 | 
Reset '10 O | 
Strobe! 120 Z 
We eb alge Jee ee Pa © ais 
25 UF T Ty 0.1 uF 
-3.2 Vde 
+2.0 Vde VEE 


NOTE: All power supplies and logic levels are shifted 2 volts positive . 
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ron 
wVoax 


Unused outputs 
connected to a 
50-ohm resistor 
to ground. 








MC10129 





FIGURE 1 — DATA to OUTPUT 
(Clock and Reset are low, Strobe is high) 


Data 


7+ 14+ t7-14- 


FIGURE 3 — RESET to OUTPUT . 
(Data and Strobe are high) 


50% 
Reset 
Clock 
50% 
t- 
80% 
50% 
20% 
Q 
t11-14+ 
t10+14- 





FIGURE 2 — STROBE to OUTPUT 
(Data is high, Clock and Reset are low) 





+5.0V 41.11 V 
Strobe 

+2.4V +0.31V 
PAN. +1.11V 
+0.31V +0.31 V 

72+14+ = -t12-14- 
FIGURE 4 — CLOCK to OUTPUT 
(Reset is low, Strobe is high) 
Data —————— +5.0V 














+0.31V 
+1.11 V 
t11-14- © t44-14+ 
+0.31 V | 
FIGURE 5 — Tset up AND THoLp WAVEFORMS 
+1.11 V +5.00 V 
+2.400 V 
+0.31 V 


+1.11V 


+0.31V 
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(AA) MOTOROLA 


MECL 104 series 


DUAL LATCH 


The MC10130 is a clocked dual D type latch. Each latch may be 
clocked separately by holding the common clock in the low state. 
and using the clock enable inputs for the clocking function. If the 
common clock is to be used to clock the latch, the clock enable 
(Ce) inputs must be in the low state. In this mode, the enable 
inputs perform the function of controlling the common clock (C). 

Any change at the D input will be reflected at the output while 
the clock is low. The outputs are latched on the positive transition 
of the clock. While the clock is in the high state, a change in the 
information present at the data inputs will not affect the output 
information. 

The set and reset inputs do not override the clock and D inputs. 
They are effective only when either C or CE or both are high. 


DUAL LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pp = 155 mW typ/pkg (No Load) 
tod = 2.5 ns typ 
= 2.7 ns typ (20%-80%) 


FN SUFFIX 
PLCC 
204 CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 





TRUTH TABLE 


Pin assignment is for Dual-in-line Package. 


¢ = Don't Care For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal! equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one latch. The other latch is tested in the same manner. 






TEST VOLTAGE VALUES 















@ Test 

Temperature | Vitimex | Vitmin | Vinamin | Vinamex | Vee 
-30°C ow ee 
sec [| -o810 | 1.860 | -1.105 | -1475 | -5.2 | 
wesc _[-0.7007| tees | “1035 | 1400-52 














Pin GTO Tost Einuts TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under -30°C +25°C +85°C Vcc) 
Characteristic ee eB Sites ia ia ~ 
input Current lin , 2 = ge i. 6,11 1 r 
425 265 9 
“De 45 
7,10,12,13 
ce “qe — 890 | -0. aoe =e 810 = -0.700 1 pat 
ey is Voltage 
Logic ‘0’ -1.890 | -1.675 -1.650 | -1.825 
Output Voltage 
Logic “1” VOHA ~ 1,080 ~0.980 
Threshold Voltage 
Logic “0” VOLA ~1.630 
Threshold Voitage 


Switching Times (50 2 Load) 
2 
co 


(See Figure 1) 
*All other inputs are tested in the same manner 


















Propagation Delay 


Rise Time (20% to 80%) 
Fall Time (20% to 80%) 









@ 
~ 


Nn Oh wy 
oh 
co 
—"s 
par 
oO 









(AA) MOTOROLA 


MECL iGh scenes 


DUAL TYPE D MASTER-SLAVE 
FLIP-FLOP 


The MC10131 is a dual master-slave type D flip-flop. Asynchron- 
ous Set (S) and Reset (R) override Clock (Cc) and Clock Enable 
(Ce) inputs. Each flip-flop may be clocked separately by holding 
the common clock in the low state and using the enable inputs 
for the clocking function. If the common clock is to be used to 
clock the flip-flop, the Clock Enable inputs must be in the low 
state. In this case, the enable inputs perform the function of con- 
trolling the common clock. 

The output states of the flip-flop change on the positive tran- 
sition of the clock. A change in the information present at the data 
(D) input will not affect the output information at any other time 
due to master slave construction. 


DUAL TYPE D MASTER-SLAVE 
FLIP-FLOP 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 
, 


FN SUFFIX 
| PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pp 235 mW typ/pkg (No Load) 
fTog = 160 MHz typ 

tod 3.0 ns typ 
tr, te = 2.5 ns typ (20%-80%) 





LOGIC DIAGRAM 


PL 


2 

3 
—s Q2 14 
Q2 15 


CLOCKED TRUTH TABLE R-S TRUTH TABLE 


@ = Don’t Care 


A clock H is a clock transition ds ot Vetine 


from a low to a high state. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one input, or for one set of input conditions. Other inputs @ Test 


tested in the same manner. Temperature 
-30°C 


+25°C . 
+85°C 








TEST VOLTAGE VeLMES 
(Volts) 


Vista in| VILA max —s 














MC10131 Test Limits 

















: (Vcc) 
Vista min | VILA max Gnd 


Characteristic 


Pro cneben meas ef a 


Input Current linH 4 
5 
6 
: 


Input Leakage Current lint 4,5,* 
6,7,9* 


-_ 
ek 
a 





—: 
; —_ 

—_— 

ro 


- 1.060 |-0.890| -0.960 -0.810 | -0.890 | -0.700 
- 1.060 }-0.890} -0.960 -0.810 | -0.890 ; -0.700 


Logic “1” 


ey 
— = 
lor o>) 


LELOLOIW 


Output Voltage 1H 


Output Voltage 


=> 
-—_ 
ad 


-1.890 |-1.675] -1.850 -1.650 | - 1.825 
- 1.890 |-1.675} -1.850 -1.650 | -1.825 



















Logic ne | ae 
Threshold Voltage 
Logic ‘‘0" 
Threshold Voltage 


+2.0 Vde 






OO DAO WO 


> _ _ 


+1.11 Vde 


Switching Times 
Clock Input 
Propagation Delay 


Rise Time (20 to 80%) 


Fall Time (20 to 80%) 
Set Input 









Propagation Delay t54+2+ 5 
t12+15+ 12 
t6+3- 


t12+14- 













Reset Input 
Propagation Delay 








6,7 
6,7 


Hold Time | thoid | 
Toggle Frequency (Max) 


"Individually test each input; apply Vi min to pin under test. 





— VIH max 


: 


TOutput level to be measured after a clock pulse has been applied to the Ce input (pin 6) 
VIL min 


= aN _ 
—_ — — 
oO Oo for) 


(AA) MOTOROLA 


DUAL MULTIPLEXER WITH 
LATCH AND COMMON RESET 


The MC10132 is a dual multiplexer with clocked D type latches. 
It incorporates common data select and reset inputs. Each latch 
may be clocked separately by holding the common clock in the 
low state, and using the clock enable inputs for a clocking function. 
If the common clock is to be used to clock the latch, the clock 
enable (CE) inputs must be in the low state. In this mode, the 
enable inputs perform the function of controlling the common 
clock (Cc). 

The data select (A) input determines which data input is ena- 
bled. A high (H) level enables data inputs D12 and D22 and a low 
(L) level enables data inputs D11 and D21. Any change on the 
data input will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the clock. 
While the clock is in the high state, a change in the information 
present at the data inputs will not affect the output information. 
The reset input is enabled when the clock is in the high state, and 
disabled when the clock is low. 


Pp = 225 mW typ/pkg (No Load) 
tod = 3.0 ns typ 
= 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


D = (AeD11)+(A@ D112) 


eo) | 
m 
O 
= 
+ 


Vcc1 
Vec2 
VEE 
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MIECL iGh senes 


DUAL MULTIPLEXER WITH 
LATCH AND COMMON RESET 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


ff, 
" 

1 
L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


16 


PIN ASSIGNMENT 





y9-e 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one latch. The outer latches are tested in the same manner. 











@ Test 
Temperature 
-30°C ~0.890 -1.890 -1.205 eae eT 5.2 
+25°C -0.810 [880 -1.105 -1 aa 







+85°C 





MC10132 Test Limits 
ee Zee +85°C fetta oe 
symbot_| Test aes 


Input Current lin H Tee 
lin 


2a P = | 03 | = | nade | 
Logic * 1.060 } -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 
Se Voltage -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vdc 
Logic “0” 
cab Voltage 


4 
5 
6 
7 
10 
11 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 7,9,10 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vdc 7,9,10. 
Logic *’ VOHA 
atch Voltage acu ca 
ae 


















TEST VOLTAGE VALUES 
Pts 
ie 
(Vcc) 
Gnd 


Characteristic 



















7,9,10 
7,9,10 8 


-0.910 Vdc 
-0.910 Vde 
Logic “0” 
Threshold Voltage 


Switching Times (50-ohm load) 










Propagation Delay Data 

Reset 
Clock 
Select 


Data 
Select 


Data 
Select 









Setup Time 


ON os oe ee 






Hold Time 






oulanoooo 







nee 


Rise Time (20% to 80%) 
Fall Time (20% to 80%) 





Ww 
SON 
—_ 
oo 





«< = 
ro) 





*A\l other inputs tested in the same manner. 


Ss 
?) 
omit 
° 
ak 
@ 
N 





(A) MOTOROLA 


MECL 10h series 
QUAD LATCH 


The MC10133 is a high speed, low power, quad latch consisting 
of four bistabie iatch circuits with D type inputs and gated Q 
outputs, allowing direct wiring to a bus. When the clock is high, 
outputs will follow D inputs. Information is latched on the negative 
going transition of the clock. 

The outputs are gated when the output enable (G) is low. All 
four latches may be clocked at one time with the common clock 
(Cc), or each half may be clocked separately with its clock enable 
(CE). 


QUAD LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp 310 mW typ/pkg (No Load) 
tod = 4.0 ns typ 
= 2.0 ns typ (20%—-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
204 CASE 775 


LOGIC DIAGRAM DIP 


PIN ASSIGNMENT 


TRUTH TABLE 


Pin assignment is for Dual-in-line Package. 
¢@ = Don't Care For PLCC pin assignment, see tables on page 1-31. 


C=Cc + CE 





3-65 


99-E 


circuit is in a test socket or mounted on a printed circuit board and transverse 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 


TEST VOLTAGE VALUES 





air flow greater than 500 linear fpm is maintained. Outputs are terminated 













through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only OTK bales 
one gate. The other gates are tested in the same manner. Temperature 










MC10133 Test a oe 
Pin 
Under go 
Characteristic Symbol | Test a ir Unit 


7 ; 


Logic ‘’1” 
Output Voltage 





TEST | TEST VOLTAGE APPLIED TO PINS LISTED BELOW: | APPLIED TC PiNS LISTED BELOW: 


ee min 





VIHA min | Vita max 









350 





Logic ‘’0" 
Output Voltage 






























Logic ‘’1” 
Threshold Voltage 








Logic *’0”’ 
Threshold Voltage 


Switching Times 
(50 2 Load) 


Propagation Delay 


Rise Time (20% to 80%) 
Fall Time (20% to 80%) 





TOutput level to be measured after a clock pulse has been applied to the clock input (Pin 4). Te ViH max *Latch set to zero state before test. 
ViL min 


tt Data input at proper high/low level while clock pulse is high so that device latches at proper 
high/low level for test. Levels are measured after device has latched. 









= 
©) 
wk 
° 
om 
w 
w 





(AA) MOTOROLA 


DUAL MULTIPLEXER 
WITH LATCH 


The MC10134 is a dual multiplexer with clocked D type latches. 
Each latch may be clocked separately by holding the common 
clock in the low state, and using the clock enable inputs for the 
clocking function. If the common clock is to be used to clock the 
latch, the clock enable (CE) inputs must be in the low state. In this 
mode, the enable inputs perform the function of controlling the 
common clock (Cc). 

The data select inputs determine which data input is enabled. 

A high (H) level on the AO input enables data input D12 and a low 
(L) level on the AO input enables data input D11. A high (H) level 
on the Ai input enables data input D22 and a low (L) level on the 
Ai input enables data input D21. 
Any change on the data input will be reflected at the outputs while 
the clock is low. The outputs are latched on the positive transition 
of the clock. While the clock is in the high state, a change in the 
information present at the data inputs will not affect the output 
information. 


Pp = 225 mW typ/pkg (No Load) 
tod = 3.0 ns typ 
2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


D22 12 


TRUTH TABLE 
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MECL Lah SERIES 


DUAL MULTIPLEXER 
WITH LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 





89-€ 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one latch. The other latches are tested in the same manner. 







TEST VOLTAGE VALUES 
(Volts) 











@ Test 

Temperature 
-soec [7-089 [180-1205 "| 800] 52 
sere [0810 | -1850 | 1.108 | 1475 | 52 












+85°C 









MC 10134 Test Limits 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW 


; hie -30°C +25°C | 85°C (Vcc) 
Characters Symbot_| Test as Uni Vitia min | Vitamax | Vee | ‘Ged 


oe 
Power Supply Brain Current ———SSSC~idSCi Cd Freed ee ee FC BE 


BS 888 





_ . Bi : HHBBEIt | 
290 5 
265 6 
290 7 | 
265 10 
Ce he Se eee aes 


rs ae eel 
Logic ‘'1" 1.060 | -0.890 | -0.960 | -0.810 | -0.890 | -0.700 Vdc 
Output Voltage ~0.890 | -0.960 }] -0.810 | -0.890 | -0.700 Vdc 
Logic ‘’0" -1.890 } -1.675 | -1.850 | -1.650 | -1.825 | -1.615 Vde 
Output Voltage -1.890 | -1.675 | -1.850 | -1.650 | -1.825 | -1.615 Vdc 
Logic “1” VOHA -1.080 -0.980 -0.910 Vdc 6, 7,10 
-1.080 -0.980 -0.910 Vdc 7,10 


Threshold Voitage 
Logic ‘'0” VOLA -1.655 -1.630 -1.595 Vde 
Threshold Voltage -1.655 ~1.630 -1.595 Vdc 
+1.11V +0.31 V 
1.0 
1.0 
1.0 
2.5 
3.5 





Switching Times (50-0hm load) 











Propagation Delay Data 
Clock 
Select 
Data 
Select 









Setup Time 









Data 
Select 





Hold Time 







Rise Time (20% to 80%) 
Fall Time (20% to 80%) 














*A\l other inputs tested in the same manner. 


(MA) MOTOROLA 


DUAL J-K MASTER-SLAVE 
FLIP-FLOP 


The MC10135 is a dual master-slave dc coupled J-K flip-flop. 
Asynchronous set (S) and reset (R) are provided. The set and reset 
inputs override the clock. e 

A common clock is provided with separate J-K inputs. When 
the clock is static, the J-K inputs do not effect the output. 

The output states of éhe flip-flop change on the positive tran- 
sition of the clock. 


Pp = 280 mW typ/pkg (No Load) 
ffog = 140 MHz typ 


tod = 3.0 ns typ 
ty tf 2.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


CLOCK J-K TRUTH TABLE* 


N.D. = Not Defined *Output states change on 
positive transition of 
clock for J-K input condition 


present. 
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MECL iGh series 


DUAL J-K MASTER-SLAVE 
FLIP-FLOP 


_ L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 





OL-€: 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit.is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 





TEST VOLTAGE VALUES _ 











linear fpm is maintained. Outputs are terminated through a 50-ohm resistor @ Test 
to —2.0 volts. Test procedures are shown for only one input, or for one set Temperature Vimax | Vit min | VinAmin | VitAmax| VEE 
of input conditions. Other inputs tested in the same manner. -30°c 























+85°C 













MC10135 Test Limits 


Pin = - = VOLTAGE APPLIED TO PINS LISTED BELOW: 
Unde (Veo! 












oo 


input Current lin | 6,7,9,10,11 uAdc @) 1,16 
4,5,12,13 uAdc @ 1,16 

Input Leakage Current eae 4,5,6,7,9 0.5 0.3] wAdc 1,16 
10,11,12,13 0.5 0.3! wAdc 1,16 

Logic “1” -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 | Vdc 1,16 
-1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 | Vdc 1,16 


loclnee) 


oo 0 


Output Voltage 


lookiee) 


Logic “0” L Vo. | -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 | Vdc 1,16 
Output Voltage -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 | Vdc 1,16 
-0.910 Vde 5 1,16 

-0.910 Vde = 1,16 

-1.630 -1.595 | Vdc 5 1,16 
-1.595 | Vdc a3 1,16 


| Pulse Out | -3.2 Vde |[+2.0 Vde 
ns ae ; 2 8 1,16 
2 
2,3 
2,3 
ns 5 2 
12 15 
: : 5 . 3 
: 12 14 


co 0 


ow 













Switching Times 
Clock Input : 
Propagation Delay 
















tg+2- 
t24,t3+ 
to_,t3- 






Rise Time (20 to 80%) 
Fall Time (20 to 80%) 


Set Input 
Propagation Delay 















t54+9+ 
t42+15+ 

1§+3- 
142+14- 











3 @ 
Logic “1” VOHA ~1.080 -0.980 
Threshold Voltage 2@ -1.080 ~0.980 
Logic “0"’ VOLA -1.655 
_ Threshold Voltage 3@ -1.655 
3 
3 









Reset Input 
Propagation Delay 





2 
2 
3 
2 
3 

2 

2 

2, 

2, 

2 

15 

3 

14 

2 1.8 

3 

5 | 

14 

7 

7 


2) 
oO 
—_ 
fo) 
3 
na 
N RAWN 


NOTES: e 
@ individually test each input; apply Vip max tO pin under test. 
@® Individually test each input; apply Vi_ min to pin under test. Sc Vii max 
@ Output level to be measured after a clock pulse has been applied to the C input (pin 9) ViL min 
@) Output level to be measured after a clock pulse has been applied to the C input (pin 9) SiH min 
® See Figure 2 for timing test diagram. VILA max 


GELOLDIN 


(MA) MOTOROLA 


UNIVERSAL HEXADECIMAL 
COUNTER 


The MC10136 is a high speed synchronous counter that can 
count up, count down, preset, or stop count at frequencies exceed- 
ing 100 MHz. The flexibility of this device allows the designer to 
use one basic counter for most applications, and the synchronous 
count feature makes the MC10136 suitable for either computers 
or instrumentation. 

Three control lines (S1, S2, and Carry In) determine the oper- 
ation mode of the counter. Lines S1 and S2 determine one of four 
operations; preset (program), increment (count up), decrement 
(count down), or hold (stop count). Note that in the preset mode 
a clock pulse is necessary to load the counter, and the information 
present on the data inputs (DO, D1, D2, and D3) will be entered 
into the counter. Carry Out goes low on the terminal count, or 
when the counter is being preset. . 

This device is not designed for use with gated clocks. Control 
is via S1 and S2. 


Pp = 625 mW typ/pkg (No Load) 
tod = 3.3 ns typ (C-Q) 

7.0 ns typ (C-Cout) 

5.0 ns typ (Cin-Cout) 


FUNCTION TABLE 
Operating Mode 


PHT AYA [Hola coune 
Pe TH Arts Stop Coun | 
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MECL 10K senes 


UNIVERSAL HEXADECIMAL 
COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX ew Bunt 
PLASTIC PACKAGE aa 


CASE 648 
FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 














LOGIC DIAGRAM 


Vcc1=Pin 1 
Vcc2=Pin 16 
VeE=Pin 8 





12 DO 14 Q0 11D1 15 Q1 6 D2 4 Carry Out 


NOTE: Flip-flops will toggle when all T inputs are low. 


SEQUENTIAL TRUTH TABLE* 








OUTPUTS 


INPUTS 





2 
2 
< 





erss[rsss|-ssr 
o> 








pesslpeccfeeee 
pere[psss|eser|e 
povefreeelpeer[e 
poe lrecefeeer|e 
O66 Ireesleos x | 
eo 6 Ireesleos = | 
reesfperspree 


@ = Don’t care. 
* Truth table shows logic states assuming inputs vary in sequence 
shown from top to bottom. 
** A clock H is defined as a clock input transition from a low to a 
high logic level. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Test pro- 
cedures are shown for only one output. The other outputs are tested in the 


same manner. 


@ Test 
Temperature 
-30°C 
+25°C 
+85°C 


MC10136 Test Limits 





input Current 








Logic “’ 
Seta Voltage 


TEST VOLTAGE VALUES 
(Volts) 


(Vec} 
Gnd 
ae one 


siky 








Logic ‘’0" 
— oe 





Logic * 
rcaaia Voltage 


Logic ‘‘0" 
Threshold Voltage 











Switching Times 
(50-ohm Load) 


Propagation Delay 
Clock Input 1134144 
134+14- 
"1344+ 
t13+4- 
Carry In To Carry Out |0-4- 
t10+4+ 





Set Up Time 
Data Inputs 1494134 
12-134 
Select Inputs 19413+4- 
7+13+ 
Carry In input 110-134 
'0+13+ 
Hold Time 
Data Inputs t134+12+4 
t13+12- 
Select Inputs (13494 
(13+7+ 
Carry In Input t13+19- 
93+10+ 
Counting Frequency feountup 
fcountdown 
Rise Time ta4 
(20% to 80%) t1a+ 
Fall Time t4- 
(20% to 80%) Nas 














VIH 
@ Individually apply VIL min to Pin under test. @ Measure output after clock pulse Vii © Se appears at clock input (pir 13) 


@) Before test set all Q outputs to a logic high. 





To preserve reliable performance, the MC10136 (plastic- -packaged “device 
only) is to be operated in ambient temperatures above 70°C only when 
500 !fpm blown air or equivalent heat sinking is provided. 


9ELOLOW 


MC10136 





SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


Vin Vec1= Vec2 =+2.0 Vde Vout 


Coax Coax 
NOTE: 
tsetup is the minimum time before the positive 
transition of the clock pulse (C) that information must 
be present at the input Dors. 
thoig is the minimum time after the positive tran- 
sition of the clock pulse (C) that information must 
remain unchanged at the input Dors. 
Input Pulse 
ots = + 
ttr=t 2.0ns+ 0.2 ns Clock Input 
(20 to 80%) \ | 
+1.41V TPi, TPout 
Clock 
+0.31 V 


Q Output . 





Vege = -3.2 Vde 


+1.11 V 


.+0.31V 


50-ohm termination to ground lo- 
cated in each scope channel input. 


Dors All input and output cables to the 


scope are equal jengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TPoyt to Output pin. 





Unused outputs are connected to 
a 50-ohm resistor to ground. 


CARRY IN SETUP AND HOLD TIMES 










Carry in 


"set(L) hold (L) 
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MC10136 





APPLICATIONS INFORMATION 





To provide more than four bits of counting capability 
several MC10136 counters may be cascaded. The Carry 
In input overrides the clock when the counter is either in 
the increment mode or the decrement mode of operation. 
This input allows several devices to be cascaded in a fully 
synchronous multistage counter as illustrated in Figure 
1. The carry is advanced between stages as shown with 
no external gating. The Carry In of the first device may 
be left open. The system clock is common to all devices. 

The various operational modes of the counter make it 
useful for a wide variety of applications. If used with 
MECL III devices, prescalers with input toggle frequencies 
in excess of 300 MHz are possible. Figure 2 shows such 
a prescaler using the MC10136 and MC1670. Use of the 
MC10231 in place of the MC1670 permits 200 MHz 
operation. 





FIGURE 1 — 12 BIT SYNCHRONOUS COUNTER 


Q0 Q1 Q2 Q3 
Cin 


Q0 Q1 Q2 Q3 


Caui Cin Cout Cin 


System 
Clock 


Qo Qt Q2 Q3 


Note: S1 and S2 are set either for increment or decrement operation. 


FIGURE 3 — 50 MHz PROGRAMMABLE COUNTER 


Program Input 


fin 
1 four = 


Program Input + 1 


2 tmax = 50 MHz Typ. 


3 Divide Ratio is from 1 to 16. 








The MC10136 may also be used as a programmable 
counter. The configuratior:i of Figure 3 requires no ad- 
ditional gates, although maximum frequency is limited 
to about 50 MHz. The divider modulus is equal to the 
program input plus one (M = N + 1), therefore, the 
counter will divide by a modulus varying from 1 to 16. 

A second programmable configuration is also illus- 
trated in Figure 4. A pulse swallowing technique is used 
to speed the counter operation up to 110 MHz typically. 
The divider modulus for this figure is equal to the pro- 
gram input (M = N). The minimum modulus is 2 because 
of the pulse swallowing technique, and the modulus may 
vary from 2 to 15. This programmable configuration re- 


quires an additional gate, such as %2MC10109 and a flip- 


flop such as “%2MC10131. 


FIGURE 2 — 300 MHz PRESCALER 


Logic High ; 
7 MC10136 


Input 


Frequency Input Frequency 


32 


MC1670 





FIGURE 4 — 100 MHz PROGRAMMABLE COUNTER 
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Program |nput 


Pezelkice Wh] 


DO D1 D2 D3 





MC 10136 


Q0 02 Q3 


~AMC10131 


Cc Q 





1 ¢ a in 


out eats a Alaa ee! 
Program Input 


2 fmax S110 MHz Typ. 


3 Divide Ratio is from 2 to 15. 








(A) MOTOROLA > 





MECL 10k sens 





UNIVERSAL DECADE COUNTER 


The MC10137 is a high speed synchronous counter that can 
count up, down, preset, or stop count at frequencies exceed - 
ing 100 MHz. The flexibility of this device allows the designer 
to use one basic counter for most applications. The synchronous 
count feature makes the MC10137 suitable for either computers 
or instrumentation. 

Three control lines (S1, S2, and Carry In) determine the oper- 
ation mode of the counter. Lines S1 and S2 determine one of four 
operations; preset (program), increment (count up), decrement 
(count down), or hold (stop count). Note that in the preset mode 
a clock pulse is necessary to load the counter, and the information L SUFFIX 

_ present on the data inputs (DO, D1, D2, and D3) will be entered Sabi cad a 

into the counter. Carry Out goes low on the terminal count. The 

Carry Out on the MC10137 is partially decoded from Q1 and Q2 

directly, so in the preset mode the condition of the Carry Out after 

the Clock’s positive excursion will depend on the condition of Q1 

and/or Q2. The counter changes state only on the positive going 

edge of the clock. Any other input may change at any time except © SUFFIX 

during the positive transition of the clock. The sequence for count- PLASTIC PACKAGE 

ing out of improper states is as shown in the State Diagrams. CASE 648 


UNIVERSAL DECADE COUNTER 


Pp = 625 mW typ/pkg (No Load) 
fcount = 150 MHz typ | 
tod = 3.3 ns typ (C-Q) 
= 7.0 ns typ (C-Cout) PIN ASSIGNMENT 
= 5.0 ns typ (Cjp-Cout) 





STATE DIAGRAMS 


COUNT UP 


COUNT DOWN 


: 





3-76 


| MC10137 | 


LOGIC DIAGRAM 


100 
Carry In 
















“Ala Al ae 


\¢ Vcc1=Pin 1 
A AA|| SER 

VeEE=Pin 8 
\V/ VV 


O O 
12 DO 14 QO 11 D1 15 Q1 6 D2 2 Q2 5 D3 3 Q3 4 Carry Out 
NOTE: Flip-flops will toggle when all T inputs are low. 


SEQUENTIAL TRUTH TABLE* 


Clock 
ue 


















z 
vu 
Cc 
pa 
” 
oO 
Cc 
= 
vU 
Cc 
= 
io 2) 











O 
® 
= 
< 


| 


2 0] 


BeOS ES ceer|g 
re) 
moelee@rcrorierrrel sie 
< 

Oo 

Cc 

oe 





ere ae ed 

















perpece eee 
peclrssszizs=[e 
eeelzeeee [ene |e 


é@ = Don't care. 
*Truth table shows logic states assuming inputs vary in sequence shown from top to bottom. 
**A clock H is defined as a clock input transition from a low to a high logic level. 
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‘E Switching Times 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Test Pro- 
cedures are shown only for selected inputs and outputs. Other inputs and @ Test 


, wets T 
outputs are tested in a similar manner. einai 
-30°C 


+25°C 
+85°C 









TEST VOLTAGE VALUES 
(Volts) 


-0.890 -1.500 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW 


(‘Vec) 
tia wines | Vinee | Yoramn [vane | Yee | Gnd 











MC 10137L Test Limits 


















Logic “ 14Q@ -1.060 -0.890 -0.960 
Sui a 

Logic " 14@ -1.890 -1.675 -1.85¢ 
pee Voltage ~ 


Logic 1" VOHA 14. -1.080 -0.980 
Threshold Voltage 

Logic “0” VOLA 14@ -1.655 
Threshold Voitage : 


Input Current 














(50-ohm Load) 
Propagation Delay 










Clock Input 134144 


113+14- 
t134+4+ 
1434+4- 
t10-4- 
t10+4+ 












Carry In To Carry Out 











Set Up Time 





Data Inputs 4124134 
12-13+ 
t94+13+ 
17+13+ 
%0-13+ 
%%|3+10+ 






Select Inputs 






Carry In tnput 













Hold Time 
















Data Inputs t4134+12+ 


113+12- 
113494 
4134+7+ 
143+10- 
t10+13+ 
fcountup 
foountdown 
ta+ 
44+ 
t4- 
t14- 






Select Inputs 






Carry In input 






Counting Frequency 




















Rise Time 
(20% to 80%) 
Fall Time 

(20% to 80%) 










ViH 
@ Individually apply Vi_ min to pin under test. @ Measure output after clock pulse Vi, a appears at clock input (pin 13) @ Before test set O1 and Q2 outputs to a logic iow. 


LELOLOW 


MC10137 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


(a) is the minimum time to wait after the 
counter has been enabled to clock it. 


{ 

(b) is the minimum time before the 
| counter has been disabled that it may 
be clocked. 
t 
( 
i 





(c) is the minimum time before the 


\ { \ counter is enabled that a clock pulse 
may be applied with no effect on the 


state of the counter. 


Clock 


(d) is the minimum time to wait after’ 
the counter is disabled that a clock 
pulse may be applied with no effect in 
the state of the counter. 








Carry In (b) and (c) may be negative numbers. 


Voct Veca=*2:0 de Vout 





NOTE: 


tsetup is the minimum time before the positive 
transition of the clock pulse (C) that information must 
be present at the input Dors. 

thoiq 1s the minimum time after the positive tran- 
sition of the clock pulse (C) that information must 
remain unchanged at the input Dors. 


0.1 uF 
Coax ch Coax 


Input Pulse 
tt =t-=2.0+10.2 ns Clock Input 


(20 to 80%) \ 


+1.11 V 


TPout 


+O0.31 V 





Q Output 





VEE * ~-3.2 Vde 


———— +1.11 V 


+0.31 V 


50-ohm termination to ground !o- 
cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be 1/4 inch from TPj, to input 
pin and TP oyz to output pin. 





a Unused outputs are connected to 
a 50-ohm resistor to ground. 
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\ MOTOROLA __|_—_=swc10138 





SUaUIRHY: MECL 10h series 


COUNTER 


The MC10138 is a four bit counter capable of divide by two, 
five, or ten functions. It is composed of four set-reset master-slave 
flip-flops. Clock inputs trigger on the positive going edge of the 
clock pulse. 

Set or reset input override the clock, allowing asynchronous 
“set” or “clear.” Individual set and common reset inputs are pro- 
vided, as well as complementary outputs for the first and fourth 
bits. 


BI-QUINARY 
COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 
Pp 370 mW typ/pkg (No Load) 

150 MHz typ 


= 2.5 ns typ (20%~-80%) P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


LOGIC DIAGRAM 


, FN SUFFIX 
PLCC 
20; _ CASE 775 


DIP 
PIN ASSIGNMENT 

















Vcc1 = Pin1 
Vcc2 = Pin 16 
VEE = Pin8 


COUNTER TRUTH TABLES 


BI-QUINARY -  » BCD 
(Clock connected to C2 (Clock connected to C1 
and Q3 connected to C1) and QO connected to C2) 
count | a1] a2[ a3 
«Wek L 


0 


e 
W 


— 7 Tr 


H 
L 
H | 
L 

cL 
+H 
L 


GFeeejyzriogor 


prieees 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





Soot 
fons 
p[eeeen= le 
[erfeser [rere 
rope 
ppp 
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ELECTRICAL CHARACTERISTICS 
Each MECL 10,000 series circuit has been designed to meet the dc specifi- 


TEST VOLTAGE VALUES 


















cations shown in the test table, after thermal equilibrium has been estab- Se (Volts) 

lished. The circuit is in a test socket or mounted on a printed circuit board Temperature 
and transverse air flow greater than 500 linear fpm is maintained. Outputs -30°c | -0.890 | -1.890| -1.205 | -1.500 | -5.2 | 
are terminated through a 50-ohm resistor to — 2.0 volts. +25°c | -0.810 | -1.850] -1.105 | -1.475_ | -5.2 | 





MC10138 Test Limits TEST VOLTAGE APPLIED 





















Pin f -30°c | haa Sa [ ses°o sd TO PINS LISTED BELOW 
Under | -30°8C Cc haa Sa Cc ee Cc (Vec) 
Characteristic ae | Min _ | ef Me | tae | Met Se mad nanan man 
Power Supply Drain Current 2 ee ee 88 | mAdc | 9 | | 










12 30 
5,6,10,11 


Input Current 





7 ne 






Bee eee Bee es 
220 a 12 
245 spd 5,6, os 11 
290 
410 






















Logic ‘‘1” 
Threshold Voltage 






9 aaa 
eee Ee es Ee ee | 1.16 | 
Logic ‘‘1" aaars) 1 060 | -0O. a ~0.810 | -0.890 | -0.700 1,16 
Output Voltage asars| 060 | -0.890 -0.810 | -0.890 } -0.700 5.6, a 11 1,16 
Logic ‘‘0" VoL 1,16 
Output Voltage 1,16 
1,16 





—_ 
— 
a 


Logic ‘‘0" 
Threshold Voltage 







-3.2V] 4 


N | ng < 
r-) 
< 





Switching Times 
(50-ohm Load) 
Propagation Delay 


Clock Delays 
50 {2 Loads 









Set Delay 








Reset Delay 





Rise Time 
{20% to 80%) 

Fall Time 

(20% to 80%) 


Counting Frequency 









“Individually apply Vi_min to pin under test. 


Vv : . : Pare 
® Set ali four flip-flops by applying pulse es to pins 5,6,10,11 prior to applying test voltage indicated. 
ILmin 
@ Reset all four flip-flops by applying pulse Vinee to pin 9 prior to applying test voltage indicated. 
Vitmin 


COUNTER STATE DIAGRAM — POSITIVE LOGIC 


Clock connected to C2 G0 connected to C2 
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(AA) MOTOROLA 


FOUR-BIT UNIVERSAL 
SHIFT REGISTER 


The MC10141 is a four-bit universal shift register which per- 
forms shift left, or shift right, serial/parallel in, and serial/parallel 
out operations with no external gating. Inputs S1 and S2 control 
the four possible operations of the register without external gating 
of the clock. The flip-flops shift information on the positive edge 
of the clock. The four operations are stop shift, shift left, shift 
right, and parallel entry of data. The other six inputs are all data 
type inputs; four for parallel entry data, and one for shifting in 
from the left (DL) and one for shifting in from the right (DR). 


Pp 425 mW typ/pkg (No Load) 
= 200 MHz typ 
2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 













































































TRUTH TABLE 


ee ere 
Pea | setemone Tig | ary [025 | on 
he 
PH [wT stop shit | 0, [ain | a2 | a8) 


*Outputs as exist after pulse appears at “C’”’ input with input 
conditions as shown. (Pulse = Positive transition of clock input). 
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MECL 104 senus 


FOUR-BIT UNIVERSAL 
- SHIFT REGISTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





Coax 


Input 


Pulse Generator 


50-ohm termination to ground lo- 
cated in each scope channel input. 


MC10141 


SHIFT FREQUENCY TEST CIRCUIT 


Vcoc1 = Vcec2 
+2.0 Vde Vv 






VEE = -3.2Vde 
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Coax 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxtal cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TP oyt to Output pin. 


Test Procedures: 


1. Set D1, D2, D3 = +0.31 Vde (Logic L) 
DO = +1.11 Vde (Logic H) 


2. Apply Clock pulse f ie to set QO high. 
IL 


3. Maintain Clock Low. 
Set $1 = +0.31 Vdc (Logic L) 
$2 =+1.11 Vdc (Logic H) 


4. Test Shift Frequency 





v8-€ 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fom is maintained. Outputs are terminated through a 50-ohm resistor 
to —2.0 volts. Test procedures are shown for only one input, or for one set 


TEST VOLTAGE VALUES 
Po tts 
of input conditions. Other inputs tested in the same manner. @ Test 

-a0%¢ [/-0.890-[-1.800 | -1.205 | -1500 [62 

125°C [oar [=r9s0 | =.105 | =1475_| 52 | 

185°C ee 

MC10141_ Test Limits 
| TEST VOLTAGE APPLIED TO PINS LISTED BELOW: VOLTAGE APPLIED TO PINS LISTED BELOW: 

(Vcc) 
aE 


Characteristic symbol_| Test [mie Fw fn Fon Fi | in en eee ee 
Power Supply Drain Current tee eee | mAdc | 


Input Current lin H 5 me iy — poe | 
6 0 220 
7 245 re 
ka ae = aa 
10, 4, opsced 
Logic ‘’1" 


Logic “0” Vdc 
Output Voltage 3 -1.890 | -1. alee: cee! -1.615 
PES { 





























an oD 






























Logic ‘‘0" 
Threshold Voltage 


Logic 1" oe | -1. | -0. == [1028 i" Vdc 
Threshold Voltage 
o igi "7 BEL | Bh J i ie 



























Switching Times (50 2 Load) ey aay 
Propagation Delay t44+34 “3.2V +2.0V 
Setup Time (tsetup) 42+4+ 8 1,16 

1044+ 
Hold Time (thoig) ta+12+ 
Rise Time (20% to 80%) ta+ 
Fall Time (20% to 80%) t3_ 
Shift Frequency fShift 







P1 —— ViH P2 — VIHA (1) These tests to be performed in sequence as shown. 
. (2) See switching time test circuit for test procedures. 
Vit TL (3) See shift frequency test circuit for test procedures. 


(4) Reset to zero before performing test 
S hoe to one before performing test. 


LVLOLOIN 


(AA) MOTOROLA 


MECL 10K series 
QUAD LATCH 


The MC10153 is a high speed, !ow power, MECL quad tatch 
consisting of four bistable latch circuits with D type inputs and 
gated Q outputs. Open emitters allow a large number of outputs 
to be wire-ORed together. Latch outputs are gated, allowing direct 
wiring to a bus. When the clock is low, outputs will follow D inputs. 
Information is latched on positive going transition of the clock. 
The MC10153 provides the same logic function as the MC10133, 
except for inversion of the clock. 


QUAD LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 310 mW typ/pkg (No Load) 
tod 4.0 ns typ 
2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20, CASE 775 


DIP 
PIN ASSIGNMENT 





LOGIC DIAGRAM 


TRUTH TABLE 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


Don’t Care 
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shown for only selected inputs and outputs. Other inputs and outputs are Tomparstaré 





_ ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 





TEST VOLTAGE VALUES 
(Volts) 


[0.890 | -1.90 | -1.205 | -1500 | 52 | 
[=07007 | -1.825 | -1.035_[ -1.440 | 5.2 | 


eee Test Eunice TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


25°C ives 
oan onnenen (aes re 8 aes Pmade_| 


Input Current link — 1 — — 1 ie 
245 4 
350 5 is 
a aa 


| Adc | 
Logic “1” 


Vde 
Output Voltage Vdc 
-1.825 | -1.615 Vdc sf - 1,16 
pial ad % u 


fil | 
zy | 









@ Test 





tested in a similar manner. -30°C 
+25°C 
+85°C 
























































Logic ‘'0” 
Output Voltage 









Logic ‘'1"’ 
Threshold Voltage 









Logic 0" 
Threshold Voltage 





Switching Times 
(50 2 Load) 


Propagation Delay 








Rise Time (20% to 80%) 
Fall Time (20% to 80%) 


TOutput level to be measured after a clock pulse has been applied to the clock input (Pin 4). iS ee VIH max *Latch set to zero state before test. - 
ViL min 


WW WWOD W 
NN NUNNNN 





ttData input at proper high/low level while clock pulse is low so that device latches at proper 
high/low level for test. Levels are measured after device has latched. 


Ss 
© 
_. 
i] 
—_ 
Ol 
W 








Clock 1 


Clock 2 


12 
O 


10 


(AA) MOTOROLA 


BINARY COUNTER 


The MC10154 is a four-bit counter capable of divide-by-two, 
divide-by-four, divide-by-eight or a divide-by-sixteen function. 

Clock inputs trigger on the positive going edge of the clock 
pulse. Set and Reset inputs override the clock, allowing asyn- 
chronous “set” or “clear.” Individual Set and common Reset in- 
puts are provided, as well as complementary outputs for the first 
and fourth bits. True outputs are available at all bits. 


= 370 mW typ/pkg (No Load) 
= 150 m Hz (typ) 

3.5 ns typ (C to Qg) 

11 ns typ (C to Q3) 


LOGIC DIAGRAM 


TRUTH TABLE 
Vec1=Pin 1 So | $1 | 2 | $3 | ¢1 | C2 | Qo] a1] a2 | 03) 
Vcc2=Pin 16 L 6|\¢ 
VeE=Pin 8 


[ rat Peele Coie ee see acl nea! ace cea oe coed ee oe el cell bad ree |g 
rr 


No Count 
No Count 


mmm mr rrr mr erm ee lereroe 
mmr rr rrr rrr rere ere lee 
Perr rr rr rrr r corre er l|ee 
mee rer rere teretrirmrirrs 
mererrrrrirer err rrIcrlT 

Ladi mel a el adel ode aa com es A PO me eg A 


EO I nel Oe ee ee ee ee ee ee ed ed el ee ee ee ed 
Te Pe Se a ree Ee Pe 


= Don’t Care 


ik Clock transitions from Vj, to Vi#4 


a 
= 


may be applied to Cy or C2 or 
both for same effect. 
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MC10154 


MECL ih series 


BINARY COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN ASSIGNMENT 


So 
Clock 2 


Reset 
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‘in the same manner. 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 





TEST VOLTAGE VALUES 


(Volts) 














@ t 
Temperature 
30% [0.690 | -1.800 | -1.205 | -1.500 | 52 













oe TEST VOLTAGE APPLIED TO 
Power | Power Supply Drain Current | Drain Current | 97 | made | 1, em 
_ Input Current ie = ee ee Eee 1 na 
ie pak 220 aot uAdc a 1,16 
ae moe eal uAdc 1,16 
line | | Adc | 1 | 1.16 | 


Logic 1°’ Output Voltage VOH ae -1 Sew -0. Bae -0. a -0. eae -0. = -0. eel aie 16 
15 -~1.060 ; -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde i: 1 1,16 
Logic ‘‘0’’ Output Voltage -1.890 | -1.675 |] -1.850 -1.650 | -1.825 | -1.615 Vde : 1,16 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 1,16 
Logic ‘'1'’ Threshold Voltage 
fi 
9 





















Logic ‘’0" Threshold Voltage 





Switching Times 









Clock Input 
Propagation Delay 


t424+15+ 
t12-13- 
t42+4- 
t12-3+ 


'15+ 















Rise Time (20 to 80%) 
Fall Time (20 to 80%) 
Set Input 

Reset Input 








Counting Frequency 





*Individually test each input applying Vj, to input under test. 


VSLOLOIN 


(AA) MOTOROLA MC10158 


QUAD 2-INPUT MULTIPLEXER (NON-INVERTING) MECL 10h senes 


The MC10158 is a quad two channel multiplexer. A common 
select input determines which data inputs are enabled. A high r 
(H) level enables data inputs DOO, D10, D20, and D30 and a low QUAD 2-INPUT MULTIPLEXER 
(L) level enables data inputs D01, D11, D21, and D31. (NON-INVERTING) 


Pp = 197 mW typ/pkg (No Load) 


tod 2.5 ns typ (Data to Q) » 
3.2 ns typ (Select to Q) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


= 2.5 ns typ (20%-80%) 





LOGIC DIAGRAM P SUFFIX 


PLASTIC PACKAGE 
0 CASE 648 
Seiect 9 — , 3 


Qa FN SUFFIX 
CS PLCC 
oa 5 leer Be 100 20 CASE 775 
er ane 
DIP 
D113 rie PIN ASSIGNMENT 
LS => 2a1 
D10 4 im 
D21 12 es 
| i. 15 Q2 
D20 13 are 
D21 
avis iL 
i> ~— 14.03 eas 
D30 11 i see 
Select 
TRUTH TABLE 
Vcc = Pin 16 
VEE = Pin8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





d@ = Don't care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 

_ through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
selected inputs and outputs. Other inputs and outputs are tested in a similar 
manner. 






TEST VOLTAGE VALUES 






@ Test 
Temperature Vit min | VihAmin | VILA max EE 
-30°C -0.890 -1.205 -1.500 
+25°C | -0.810 -1.850 -1.105 -1.475 





+85°C -1.825 | -1.035 -1.440_ 


MC10158 TEST LIMITS 
[30° _—«d DaROR = TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
rae eS (Vcc) 
Symbol Test 


eae ae Unit as ck Bie Mt sie 


uAdc a 
it uAdc ae 













Characteristic 


Power Supply Drain 
Current 


Peon | 
Logic “ 
Ouro Voltage 


ee Voltage 


5 
Se Le 
Laer Voltage 
exe Voltage 


Switching Times i 






cs A en 


paar ee pore ewe pt 
ee ee We ee eee 
Bed il dO 

ial [eae a es es ee ee 


+1.11 Vde | +0.31 Vde | Pulse tn | Pulse Out | -3.2 Vdc|+2.0 Vde 
ns 
BE 













(50 2 Load) 
Propagation Delay 
Data Input 
Select Input 
Rise Time 
(20% to 80%) 
Fall Time 
(20% to 80%) 










(AA) MOTOROLA 


QUAD 2-INPUT MULTIPLEXER (INVERTING) MECL LOK sercs 

The MC10159 is a quad two channel multiplexer with enable. 
It incorporates common enable and common data select inputs. 
The select input determines which data inputs are enabled. A high 
(H) ievel enabies data inputs D00, D10, D20, and D30. A low (L) 
level enables data inputs D01, D11, D21, and D31. Any change on 
the data inputs will be reflected at the outputs while the enable 
is low. Input levels are inverted at the output. 


QUAD 2-INPUT MULTIPLEXER 
(INVERTING) 


Pp = 218 mW typ/pkg (No Load) 


tod 2.5 ns typ (Data to Q) 
3.2 ns typ (Select to Q) 


= 2.5 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





P SUFFIX 


LOGIC DIAGRAM PLASTIC PACKAGE 
CASE 648 





Select 9 








FN SUFFIX 
PLCC 
20, CASE 775 








D015 fale 2) 
= 0 
baile oe 
DIP 
PIN ASSIGNMENT 
ae Tm) 
a 201 
_ lanl 
Enable 7 , 
* Qo 
D21 12 aa 
5 15 Q2 Q1 
ee ane i 
D10 
D01 
D31 10 
14 Q3 DOO 
D30 11 Enable 
TRUTH TABLE | VEE 
Vcc = Pin 16 
VEE = Pin8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





@ = Don’t Care 
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a Fe 
ae 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 


‘air flow greater than 500 linear fpm is maintained. Outputs are terminated 


through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
selected inputs and outputs. Other inputs and outputs are tested in a similar 





TEST VOLTAGE VALUES 







manner. 
@ Test 
Temperature [Vinee | Wii | Vina mi [Vicars | Ve 
-30% [~-0-890[=1890-[ 1308-1 500] 8 
sas°c [0810 | 1.850 | 1.108 | 1475 | 52] 









+85°C 










[0.00 | -1.80 | 1.035 | 1440 | 52 | 
MC10159_ Test Limits 


Pin TEST VOLTAGE APPLIED TO PINS LISTED B : 
RE Under |____—-30°C_ |] StS | tC pines (Vee) 
Symbol | Min | | Min | Typ | Max | Min | Max | Unit VIHA min | ViLA max| Vee | Gnd 


| Max 
Bl Di Sl a He ed ee IB DA 
360 uAdc 
400 ee 
| 0s | ce 

















Characteristic 


Power Supply Drain 
Current 
Input Current 


Logic *’ 
oe Voltage 
O Ee ae 


Output Voltage 


Logic “1” VOHA 
Threshold Voltage 

Logic “0” VOLA 

_ Threshold Voltage 


Switching Times 
(50 2 Load) 

Propagation Delay 
Data Input 
Select input 
Enable Input 






-1.080 =P -0.980 
aii +0.31 Vde | Pulse In | Pulse Out | -3.2 Vdel +2.0 Vdc 

































Rise Time © 
(20% to 80%) 

Falt Time. 

(20% to 80%) 







(A) MOTOROLA 


12-BIT PARITY GENERATOR-CHECKER 


The MC10160 consists of nine EXCLUSIVE-OR gates in a single 
package, internally connected to provide odd parity checking or 
generation. Output goes high when an odd number of inputs are 
high. Unconnected inputs are pulled to low logic levels allowing 
parity detection and generation for less than 12 bits. 


Pp = 320 mW typ/pkg (No Load) 
tod = 5.0 ns typ 
tr, tf = 2.0 ns typ (20%—-80%) 


LOGIC DIAGRAM 


Sum of 
High Level 
Inputs 


Low 
| odd | High 
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MECL 10i scenes 









12-BIT PARITY 
GENERATOR-CHECKER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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| Power Supply Drain 
Current 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been diatigned to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are - a 
shown for one set of conditions. Complete testing according to truth table. i” tect 
Temperature 
-30°C 
+25°C 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
le aes Vitmin ViHAmin | ViLAmax VEE 


4,5,9,10,13,14 








TEST VOLTAGE VALUES. 
(Volts) 
VinAmin | VitAmax 

















MC10160 Test Limits 














Characteristic 











bestest 
Logic 1” 
Output Voltage -0.890 | -0.700 dc 
Logic “0’’ 
Vde 






4,5,6,7,9,10, 
11,12,13,14,15 








3,4,5,6,7,9,10, 
11,12,13,14,15 













Logic “T”’ 
Threshold Voltage 4,5,6,7,9,10,11, 


12,13,14,15 







Output Voltage 


Vde 








Logic "90" 
Threshold Voltage 






3,5,6,7,9,10,11 
12,13,14,15 












Switching Times 
(50 2 Load) 


Propagation Delay 






+1.11V 






O| wo] &] Fl 








Rise Time 
(20% to 80%) 


Fall Time 
(20% to 80%) 







*Pins 3, 6, 7, 11, 12, 15 are similar 
Pins 4, 5, 9, 10, 13, 14 are similar 


= 
© 
= 
o 
= 
o 
o 





(MA) MOTOROLA 


BINARY TO 1-8 DECODER (LOW) 


The MC10161 is designed to decode a three bit input word to 
a one of eight line output. The selected output will be low while 
all other outputs will be high. The enable inputs, when either or 
both are high, force all outputs high. 

The MC10161 is a true parallel decoder. No series gating is used 
internally, eliminating unequal delay times found in other decod- 
ers. This design provides the identical 4 ns delay from any address 
or enable input to any output. 

A complete mux/demux operation on 16 bits for data distri- 
bution is illustrated in Figure 1. This system, using the MC10136 
control counters, has the capability of incrementing, decrement- 
ing or holding data channels. When both SO and S1 are low, the 
index counters reset, thus initializing both the mux and demux 
units. The four binary outputs of the counter are buffered by the 
MC10101s to send twisted-pair select data to the multiplexer/ 
demultiplexer units. 

Pp = 315 mW typ/pkg (No Load) 
tod = 4.0 ns type 


t,.tf = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


TRUTH TABLE 


ENABLE 
INPUTS| INPUTS OUTPUTS 


erereeerer |B 
for rire ner eal 
Serer ere rio 
iS 
NO 
| 
“I 


eerierrire|s 
ee ee cel 


ign oe tpn aie i sides is es SH 
aig Ope itis is makes as = a a 
esos ele Ss i i Os kl a ea 
pie are ps awa i ae Bo igre 
nas sie Ss ois Ge pale ee aki oe 
Pi tar ee 
pe fo alee hs igh wags be ci 
os 0 ag a oi is fe wa og 
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MECL iGhk senes 


BINARY TO 1-8 DECODER 
(LOW) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 
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Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for only one input/output combination. Other combinations are tested 
according to the truth table. 





TEST VOLTAGE VALUES 


(Volts) 


po tts) 
0890 | -1890 | -1205 | -1500 | 52 | 
[0.700 | -1.828 [1.098 [1.440 | 52 | 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 







@ Test 
Temperature 


-30°C 
+25°C 
+85°C 






















MC10161 Test Limits 
Pin : 
7 - Under ne fae et | 
|_Min | Typ 

| mAdc_| 
pees all | uAdc _| 








(Vcc) 


[Min | Max_| [Max | Min [Max _| Vi max | Vit min [ Viva min | VitAmax | Vee | Grd 
P- | | - {| | % | - [| « [mac lazer, - [| - | - |e | 116 | 
350 _| 220 
ree era 


| Min | 
eee a =a 
| 05 | 05 | ae ee Poe es ee eee 


Le] 
cal 
(eee een 
eae 

-1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vdc 2 = 

“i980 | -saso | coco | — [sete [osgo | oro | vac | ws | | >| 
ead od 





Characteristic. 


Power Supply Drain Current | ote | 


a 
isaac Sa 
link | 14 | 

1 

1 

1 

1 


uAdc 






Logic ‘’1" 3 VOH 3 1. : 
Output Voltage 3 . : 
Logic “0” Output Voltage -1.890 | -1.675 | -1.850 | -1.650 | -1.825 | -1.615 
3 -0.910 Vde 
a.) pet -0.910 Vide 
3 


eso] — [1505 [ vec _| 












Logic ‘1° VOHA -1,080 ~-0.980 
Threshold Voltage -1.080 -0.980 


Switching Times 
(50 2 Load) 


ce Ke 


rili 



















t14+13- 















Propagation Delay 13 
t44-13+ 
Rise Time (20% to 80%) t13+ 





Fall Time (20% to 80%) t13- 
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Control Selection 


MC10101 MC10115 


MC10101 MC10115 


a = ew ab 
oh ee 
Ed ee 


Start/Stop 


1614131211109 8 
O O) e \) O O O ) 


MC10136 


MC10164 


MC 10136 


MC10161 


1514131211109 8 
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(AA) MOTOROLA 


BINARY TO 1-8 DECODER 
ne MECL i0h senes 


The MC10162 is designed to convert three lines of input data 
to a one-of-eight output. The selected output will be high while BINARY TO 1—~8 DECODER 
all other outputs are low. The enable inputs, when either or both ; (HIGH) 
are high, force all outputs low. 

The MC10162 is a true parallel decoder. No series gating is used 
internally, eliminating unequal delay times found in other decoders. 

This device is ideally suited for demultiplexer applications. One 
of the two enable inputs is used as the data input, while the other 
is used as a data enable input. 

A complete mux/demux operation on 16 bits for data distri- 
bution is illustrated in Figure 1 of the MC10161 data sheet. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 315 ns typ/pkg (No Load) 


tod = 4.0 ns typ P SUFFIX 


PLASTIC PACKAGE 


= 2.0 ns typ (20%-80%) | CASE 648 


| FN SUFFIX 
LOGIC DIAGRAM — > PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


TRUTH TABLE 


z 
— 
Cc 
4 
n 


OUTPUTS 


[a0 | at | a2 | a3 | a4 | 05, 
H}LY]LYIL 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


emrrereere |B 
rere ea 


eerrrirrrr|a 


eezrrrzree|o 


cmrrrrercee es 
rrererereeececs 
reer erer er oe 
mreoererereierer 
meoerrerrerieerere 
mom er meereere 
mrmereeere’rce 


¢ = Don’t Care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only input/output combination. Other combinations are tested 
according to the truth table. 


Power Supply Drain Current le 6 
20 


| Max _| 
| 8 | - | s4 | ee ee 
Piaf = | so | - | - | 20 | 
ae ae Oe ee ee ee ee 
Output Voltage 


Logic *’0" VOL -1.890 | -1.675 -1.850 -1.650 
Output Voltage : -1.890 | -1.675 -1.850 -1.650 





Logic ‘0’ VOLA 
Threshold Voltage 


Switching Times - 
(50-ohm load) 
Propagation Delay t144+13+ 13 
t14-13- 13 
Rise Time 13 
(20% to 80%) 


Fall Time 13 
(20% to 80%) 


-1.655 -1.630 
-1.655 -1.630 





MC 10162 Test Limits 
Le 
Characteristic Test | min | | Min | Pp | Max | 
, te | fal | 76 


@Test 
Temperature 





ae ae 
eae ea 
=e ae 


-1.825 | -1.615 
-1.825 | -1.615 


13 
13 : : 
Logic “1” VOHA 13 -1.080 -0.980 -0.910 Vde 
Threshold Voltage 
13 -1.595 
13 -1.595 





-30°C 
+25°C 
+85°C 


Unit 
mAdc 


uAdc 
Vde 


.s 
> 
Q 
fo) 


Vde 
Vde 


Vdc 
Vdc 


po i 
n 





-1.825 -1.035 | 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


VIL min iaaaial min 





Niaece || max 


14 
2 
15 





TEST VOLTAGE VALUES 


(Volts) 


14 


14 
2 
15 















8 
a 8 






8 
8 
8 


8 
Pulse Out 


| i 


(Vec} 


+2.0V 


- 


’ 


’ 


’ 
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ERROR DETECTION- CORRECTION CIRCUIT 


The MC10163 and the MC10193 are error detection and correc- 
tion circuits. They are building blocks designed for use with mem- 
ory systems. They offer economy in the design of error detection/ 
correction subsystems for mainframe and add-on memory sys- 
tems. For example, using eight MC10163s together with eight 
12-bit parity checkers (MC10160), single-bit error detection/cor- 
rection and double-bit error detection can be done on a word of 
64-bit length. Only eight check bits (BO-B7) need be added to the 
word. A useful feature of this building block is that the MC10193 
option generates the parity of all inputs to the block. Thus, if the 
MC10193 is applied in a byte sequence, individual byte parity is 
automatically available. 


ERROR DETECTION — 
CORRECTION CIRCUIT 


16 
1 P SUFFIX 1 L SUFFIX 


PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 648 CASE 620 





MC10163 LOGIC DIAGRAM | MC10193 LOGIC DIAGRAM 





MOTOROLA CODE 

P1 = B1, B3, B5, B7 

P2 = B2, B3, B6, B7 

P3 = B4, BS, B6, B7. 

P4 = B1, B2, B4, B7 

P5 = Byte (BO 1, 2, 3, 4, 5, 6, 7) 


IBM CODE 
PO, = B1, B2, B4, B7 
POg = BO, B3, B5, B6 
P1 = B1, B3, BS, B7 
P2 = B2, B3 B6, B7 
P3 = B4, B5, B6, B7 
Vcc1=Pin 1 
Vcc2=Pin 16 
Vege =Pin 8 
Pp =520 mW typ/pkg (No Load) 
Pp =520 mW typ/pkg (No Load) tpd=7.5 ns typ (pin 7 to pin 2) 
tpd =5.0 ns typ tpg =5.0 ns typ (pin 7 to pin 14) 


Vcc1=Pin 1 
Vcc2=Pin 16 
Vege =Pin 8 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are 
tested in a similar manner. 


MC10163 Test Limits 





Character istic Test 


Power Supply Drain Current ae hee 


Input Current link 46,10 
5,7,9,11,12 
ci a es ae 
Logic ‘‘1"’ Output Voltage VOH 2 -1 i. ~0. i -0. | -0. | -0. | 
3 
13 
14 


NON 
DN 
oo 
oO 
w 












Logic ‘’0’’ Output Voltage 


Logic ‘1"’ Threshold Voltage 





Logic ‘’0’’ Threshold Voltage 2 
3 
13 
14 
Switching Times 
(50 2 Load) 
Propagation Delay 15 
, 14 
Rise Time (20% to 80%) 15 
Fall Time (20% to 80%) 15 





*Individually test each input, apply Vi, min to pin under test. 





Sas uAdc 46,10 
uAdce }{5,7,9,11,12 


ee 
Pert i 





-1 i -1 : -1 \ -1 i -1 i" ~1 | i; 
13 
14 
1 ren TT: ) 
1 













TEST VOLTAGE VALUES 
(Volts) 


@ Test 
Temperature | Virimex | Viumin |YiAmin| Yt Amey VEE 
+85°C -1.825 | -1.035 | -1.440 | -5.2 


TEST VOLTAGE APPLIED TO 
PINS LISTED BELOW: 


Unit Vik Amin| ViLAmax 


(Vcc) 


_ —_ =o lS! —_ ep) 
—-_a—— sf} Lf Loo 
A A! AO} A] & 


o 


—_— 


| 4 

t 
a nen 
o>) 


_ 






Oo 


_ 


<-_— _. 


oO 


PulseOut |-3.2 V 


= 
oO 


zm 
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2) 
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° 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are 





TEST VOLTAGE VALUES 
(Volts) 























































: meee @ Test . 
sted in a similar manner. 
-30°C -0.890 | -1.890 -1.500 
+25°C -0.810 | -1.850] -1.105 | -1.475 
-0.700 | -1.825| -1.035 | -1.440 
pia MC10193 Test Limits TEST VOLTAGE APPLIED TO 
Under PINS LISTED BELOW: (Vec) 
Characteristic Symbol | _Test | typ {| max | min | max | Unit Gnd 
Input Current linH 4,6,10 220 | uAdc 46,10 
5,7,9,11,12 265 uAdc | 5,7,9,11,12 
03 | = | wade | = 
Logic ‘'1'' Output Voltage VOH 2 -0.810 | -0.890} -0.700 Vde 4 
; 3 4 
13 11 
14 i 
Logic ‘‘0’’ Output Voltage VOL 2 -1.650 | -1.825) -1.615 Vde 
3 
SO . . nk 
Logic ‘‘0"’ Threshold Voltage 1 
Switching Times +1.11V 
(50 Q Load) 
Propagation Delay t74+15+ ns 
t4+14+ 
t7+2+ 
t4+2+ 
Rise Time (20% to 80%) t15+ 
Fall Time (20% to 80%) t15- 





*(ndividually test each input, apply Vi-min to pin under test. 
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MC10163 APPLICATIONS INFORMATION 


The MC10163 is a building block for generating the 
modified Hamming single-error-correction, double-error- 
detection (SEC-DED) code used in the IBM 370/145 mem- 
ory. While the MC10163 can also be used for generating 
other patterns, it is optimized for generating the »attern 
shown in the H matrix of Figure 1. 

When writing into a memory, the MC10163 is used to 
generate the eight check bits (CO-C32, CT) which are 
stored with the 65 data bits (BO-B63). These check bits 
are generated by taking the parity of all data bits marked 
with an X in the appropriate row of the H matrix. (CO, C1, 
C32, CT, are even parity; C2, C4, C8, C17, are odd parity.) 
To generate these check bits with the building blocks, 
eight MC10163s and eight MC10160 parity checkers are 
used. One MC10163 is connected to each byte of data 
and the outputs of these building blocks are connected 
to the eight MC10160 parity checkers, one for each check 
bit. Figure 2 shows which connections are required (i.e., 
CO is the even parity of output PO, of the MC10163 on 
the “zero” byte of data, output POp of the “zero” byte, 
PO, of the ‘‘one” byte, —, POg of the “three” byte and 
data bit 32.) 


During the memory read operation, the fetched check 
bits previously generated (as described) are exclusive- 
ORed with newly generated CO-C32 to generate syn- 
drome bits S0-S32. Syndrome ST is a special case where 
ST is the even parity of all eight fetched check bits and 
all 64 fetched data bits. For determining the type and 
location of an error: 

1. If all syndromes (SO-S32 and ST) are false, there is 

no error. 

2. If ST is true and SO-S32 are false, the CT is in error. 

3. If ST is false and one or more of SO-S32 is true, an 

uncorrectable error has occurred. 
If ST is true and one or more of SO-S32 is true, 
simply add the S1—S3z2 bits to get the binary location 
of the error (S1 has weight, 1, S2 weight 2, S4 weight 
4, etc.) 

Data bits BO and B32 are special cases of this location 
technique: BO is in error if ST, SO, and S32 are true; B32 
is in error if ST, SO, S1, and S32 are true. 


4. 


FIGURE 1 — 370/145 PATTERN 


BYTE 1 BYTE 2 BYTE 3 


BYTE 4 BYTES BYTE 6 BYTE 7 


7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 BIT 


XM xX XX x KX KX xX KX KX xX x xX KX x x 
x x x x x! x 

x x x x x 
x x x 

x x x 


x x x Xx 


x 


x 


x 
x 
x 
x 
x 


x 


x x 


co 
cl 
C2 
C4 
x CB 

x x x C16 
x x x C32 
x x CT 


x x x x x x 
x x x 
x x x 


FIGURE 2 — 370/145 PATTERN GENERATION 


POA 
P12 
P22 
P32 
POA3 
POA3 
POAS5 
POgp? 


POB1 
- P13 
P23 
P33 
POB3 
P0B3 
POgs 
POA3 


CO = POag 
C1 = P10 
C2 = P20 
C4 = P30 
C8 = POa4 
C16 = POag 
C32 = POng 
CT = POao | 


POBO 
P11 
P21 
P31 
POp1 
POA? 
POp4 
“P0p4 


N = MC10163 Output 
M = Byte Number 


Where for Pry: 
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MC10193 APPLICATIONS INFORMATION 


The MC10193 is a building block for generating mod- 
ified Hamming SEC-DED codes. It can be used for any 
length data word and for a variety of codes. The MC10193 
is optimized for codes organized on a byte repetitive basis 
and has the advantage of automatically supplying whole 
byte parity (P5 output). While it is possible to use a num- 
ber of criteria for choosing a pattern, the pattern of Figure 
3 was chosen on the basis of speed and ease of error 
location decode. As can be seen in the H matrix of Figure 
3, the pattern is repetitive by byte with the various rows 
generated by only five combinations of bit parities within 
the bytes. For the 64 bit data word in the example of 
Figure 3, the eight check bits (B64 to B71) are generated 
by the odd parity of all data bits indicated by an -X in the 
appropriate row. The syndromes S1 to S8 are generated 
by including the fetched check bits in the same generator 
that originally generated the check bits. 

The pattern of Figure 3 is easily generated by using 
eight MC10193 devices, one for each data byte and eight 
MC10160 parity checkers, one for each syndrome/check 
bit. The connections of building blocks and parity check- 
ers are shown in tabular form in Figure 4 and in schematic 
form in Figure 6. 

Once the syndrome bits (S1 to S8) have been formed 
from fetched data (BO to B63) and fetched check bits (B64 
to B71), the determination of type and location of error 
is simply done: 

1. If all syndromes are false, there is no error. 

2. If one syndrome is true, the corresponding check bit 

is in error. . 

3. If more than one syndrome is true, and the parity 
of all syndromes is even, a multiple (uncorrectable) 
error has occurred. 

4. If more than one syndrome is true, and the parity 
of all syndromes is odd, a single error has occurred 
and is easily located by the circuit of Figure 5. 

Figure 5 gives the error location circuit for the example 
pattern. The outputs EBO to EB7 are a one-of-eight-high 
code giving the byte in error. Outputs ECO to EC3 give 
the binary location of the bit in error within the located 

byte. Since this location process can occur simultane- 
ously with the determination of error type described, the 
entire error correction sequence (using a toggling fetched 
data latch) takes less than 20 ns. This is because an error 
occurrence detector is a simple ORing of S1 to S8. The 
error locator has simultaneously located the error which 
is then corrected as though the error was a single (and 
therefore correctable) error. The parity of syndromes 
then determines if the error was indeed single, and in- 
terrupts the CPU if the error was an uncorrectable (mul- 
tiple) error. Since uncorrectable data is unusable without 
special handling, the CPU would be interrupted anyway; 
therefore this automatic correction of any error as if it 
were single does not create any problems. This fast error 
correction technique allows single error correction on a 
noninterrupt basis with only a 20 ns memory system 
access time penalty. 

These techniques can, of course, be extended to large 
or smaller data words. 


x XK KX KX KX XKX,X X x 


xX & KX & KX KX KX KX K KX KX KX KX KX KX X 





FIGURE 3 — MOTOROLA PATTERN EXAMPLE 
x x xX xX X X K X KX KX X X X X X X K KX X KX X KX X X 
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x x x X X X xX X X X KX KX K KX X KX X KX X X KX X X X 
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FIGURE 4 — M2 PATTERN BUILDING BLOCK 





S1= P10 
S2= P20 
S3= P30 
S4= P40 
S5- Pid 


S6= P24 
S7= P34 
S8= P44 


Where for Pxyy: N = MC10193 Output 


FIGURE 5 — M2 PATTERN CORRECTION MATRIX 





P11 
P21 
P31 
P41 
P15 
P25 
P35 
P45 


P12 
P22 
P32 
P42 
Pi6 
P26 
P36 
P46 


P13 
P23 
P33 
P43 
Pi7 
P27 
P37 
P47 


M = Byte Number 
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Bytes 0-3 


Bytes 4-7 
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FIGURE 6 — SYNDROME AND CHECK BIT GENERATOR, 





M2 PATTERN 
Bit P 
0 “41 for Check Bits 
: 10 “OQ” for Syndromes 
2 20 . 10 11 
5 5 
Byte O 4 30 12 13 S1 
rs 40 54 55 
6 50 56 
: MC10193 a ae. McC 10160 
B6 
11 
21 20 21 
1 31 29° 93 S2 
41 ; 54 55 
51 _ 57 
15 MC10193 — oa: MC 10160 
B65 
16 . 
12 
= 22 30.31 
2 ee | 32 33 $3 
42 54 56 
23 MC10193 oe | O Mc10160 
B66 
24 . 
13°? 
2s 40 41 
3 i 42 43 S4 
43 55 56 
31 McC10193 — - O MC10160 
B67 
32 
14 
24 14 «15 
4 34 16 17 S5 
44 50 51 
54 52 
39 MC10193 — \ > MC10160 
B6és 
40 
15 
25 24 25 
5 35 26 27 S6 
45 50 «5 
55 53° 
47 MEIOI9¢ sone. a. MC 10160 
B69 
48 
16 
26 34 35 
6 36. 36 37 S7 
46 50 «52 
56 53 
55 MC10193 — r\ MC10160 
B70 
56 
17 
a7 
J 37 
47 
57 
63 McC10193 MC10160 
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(AA) MOTOROLA 


8-LINE MULTIPLEXER 


The MC10164 is a high speed, low power eight-channel data 
selector which routes data present at one-of-eight inputs to the 
output. The data is routed according to the three bit code present 
on the address inputs. An enable input is provided for easy bit 
expansion. 


Pp = 310 mW typ/pkg (No Load) 
tod = 3.0 ns typ (Data to Output) 
= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Enable 


X0 


X1 


X2 


X3 


| ADDRESS INPUTS | INPU 
ENABLE 


C 
L 
L 
L 
L 
H 
H 
H 
H 





@ = Don’t Care 
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MECL 104 series 


8-LINE MULTIPLEXER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; | CASE 775 


DIP 
PIN ASSIGNMENT 


Vcc2 
Enable 


X3 
X2 
X1 
x0 

A 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 


‘mounted on a printed circuit board and transverse air flow greater than 500 


linear fpm is maintained. Outputs are terminated through a 50-ohm resistor 
to —2.0 volts. Test procedures are shown for only one input, or for one set 
of input conditions. Other inputs tested in the same manner. 













TEST VOLTAGE VALUES 
(Volts) 
| 
“0.890 1205 | -1500 [52 | 
(Vec) 
Gnd 







@Test 
Temperature 
-30°C 
asec | -0.700_|-1.825 | -1035 [1440 | 62 




















MC10164_ Test Limits 


Pin TEST 
Under ag a ea] un | ee ee 
Test | Min | Max _| | Min | 

ae 





[Power Supply Drain Current] Te | | 
aca aes] 


aa bee 
Ze ioe ee 


| 60 | 
poe 
Le 
Output Voltage 
x ila Hal 


7 
=z 
Vdc 


5 
[= 
Logic “0” | Vv -1.890 | -1.675 
Output Voltage 
-1.080 a ~0.980 









Logic ‘’1"' 
Threshold Voitage 
Logic ‘Q" 


wes 
ike 
Sete Mi ed Dae fad 


5.0 
5.0 
6.7 
6.7 
3.3 
3.3 


3.6 


Threshold Voltage 


Switching Times 
(50 2 Load) 
Propagation Delay 


















pos 
a 
a | 
ee aoe ee 


4 
4 
7 
7 
2 
2 
4 
4 






























Rise Time 
(20% to 80%) 

Fall Time 

(20% to 80%) 
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MC10164 


APPLICATION INFORMATION 


The MC10164 can be used wherever data multiplexing 
or parallel to serial conversion is desirable. Full parallel 
gating permits equal delays through any data path. The 
output of the MC10164 incorporates a buffer gate with 


eight data inputs and an enable. Ahigh level on the enable 
forces the output low. The MC10164 can be connected 
directly to a data bus, due to its open emitter output and 
output enable. 

Figure one illustrates how a 1-of-64 line multiplexer can 
be built with eight MC10164’s wire ORed at their outputs 
and one MC10161 to drive the enables on each multi- 
plexer, without speed degradation over a single MC10164 
being experienced. 


FIGURE 1 — 1-OF-64 LINE MULTIPLEXER 


The Bit chosen is dependent on six-bit 
code present on inputs 7, 9, 14 of the 
MC10161 and the A, B, C inputs of the 
MC10164. 


MC10161 









(MA) MOTOROLA -MC10165 


8-INPUT : | MIECL 10k series 
PRIORITY ENCODER 


The MC10165 is a device designed to encode eight inputs to a peice CaCABER 
binary coded output. The output code is that of the highest order 
input. Any input of lower priority is ignored. Each output incor- 
porates a latch allowing synchronous operation. When the clock 
is low the outputs follow the inputs and latch when the clock goes 
high. This device is very useful for a variety of applications in 
checking system status in control processors, peripheral control- 
lers, and testing systems. 

The input is active when high, (e.g., the three binary outputs L SUFFIX 
are low when input DO is high). The Q3 output is high when any a CERAMIC PACKAGE 
input is high. This allows direct extension into another priority 0 CASE 620 
encoder when more than eight inputs are necessary. The MC10165 . : 
can also be used to develop binary codes from random logic u y 


inputs, for addressing ROMs, RAMs, or for multiplexing data. P SUFFIX 


PLASTIC PACKAGE . 
CASE 648 16 


Pp = 545 mW typ/pkg (No Load) 
tod 4.5 ns typ (Data to Output) 
tr, tg = 2.0 ns typ (20%-80%) 


1 
FN SUFFIX 
PLCC 
CASE 775 


DIP 


TRUTH TABLE PIN ASSIGNMENT 


n 
12) 
Cc 
4 
Uv 
Cc 
4 


reereere Ql 
reeeeeeze|Q 
rreeeerzse|Q| 
reeeezeee |8\5 


creoeeoeoezrze eet a 
reexresese|2 


ry~roreaeee eS 3 
rirceeeoee 6 El 


Peace ne =|) 
rrrzrererelQ 
rzzerzzrr|Q 
7) 
Smear er ers 


¢ = Don’t Care 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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MC10165 












LOGIC DIAGRAM 





D7 6 GH nem 14 Q3 


Numbers at ends of terminals denote pin numbers for L and P packages. 
Numbers in parenthesis denote pin numbers for F package. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 

cations shown in the test table, after thermal equilibrium has been established 

in an ambient temperature of 25°C, while the circuit is in a test socket or 

mounted on a printed circuit board and transverse air flow greater than 500 

linear fpm is maintained. Outputs are terminated through a 50-ohm resistor @ Test 
to —2.0 volts. Test procedures are shown for only one input, or for one set Temperature 


of input conditions. Other inputs tested in the same manner. -30°C 
| +25°C 


+85°C 










TEST VOLTAGE VALUES 









P0800 | -1800[ -1.205 | -1500 | 52 | 
Toar0 | 1850 | 1105 | 1475 | 52 | 


[0700 | 1825 [ 1.005 [1.400 | 52 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


‘ MC10165 Test Limits 

Pin 

| | (Vee) 
Characteristic Symbol Typ | Max | | Max | Unit VIHA min| VILA max Gnd 

Power Supply Drain Current | le 105 | - 


220 
ene 
Logic ‘1 VOH 
Output Voltage 
VOHA 
VOLA 


5+ 14+ 
t5-14- 
1743+ 

t44415+ 

113+2+ 


































4 
uAdc oS 


pAdc 
Vdc 


REIS 
PPIs 
& & (2 


< 
oy 
<4 o ro] 
© 







i 






< 
Q 
fe) 


Logic ‘’0"’ 
Output Voltage 












Logic ‘'1” 
Threshold Voltage 









< 
Q. 
is) 


Logic ‘’0” 
Threshold Voltage 





Unit | +71.11V {| +0.31V 


[Putsein | Puke Out [-32V | *20V_ 


Switching Times (50-ohm Load) 


Propagation Delay 
Data Input 




















Clock Input 


Setup Time 


Hold Time 





Rise Time (20% to 80%) 
Fall Time (20% to 80%) 


n 


@ The same jimit applies for all D type input pins. To test input currents for other D inputs, * To preserve reliable performance, the MC10165P (plastic-packaged device only) 
individually apply proper voltage to pin under test. is to be operated in ambient temperatures above 70°C only when 500 Ifpm blown 
@ Output latched to low state prior to test. air or equivalent heat sinking is provided. 


@ Output latched to high state prior to test. 


MC10165 


nected to this encoder such that, when a given condition 
exists, the respective input will be at a logic high level. This 
scheme will select the one of 64 different system condi- 
tions, as represented at the encoder inputs, which has 
priority in determining the next system operation to be 


APPLICATION INFORMATION 


A typical application of the MC10165 is the decoding of performed. The binary code showing the address of the 
system status on a priority basis. A 64 line priority encoder | highest priority input present. will appear at the encoder 
is shown in the figure below. System status lines are con- outputs to control other system logic functions. 


64-LINE PRIORITY ENCODER 














Oo LSB 
1 
= it 
——() 1 
| 
t 
MC10164 MC10164 MC10164 [ 
' Six bit output 
1/2 MC10101 H word yielding 
System t number of 
cicek i SS ll ; highest priority 
| speedo channel present 
alls So BRAG : at input 
Highest ny = Q1 Bi lil : 
[o) 
Priorit pa Bil Ei | 
ROIS: «4 QO Q2 Sins cs eee ' 
Input 3 REAR Sees ee ; 
| ’ 
t 


ee 


LL 








iL 






D 


00 
~w 
M 
e) O 
fo) W 


C10165 
QO 
Nw 





O 
Lowest 
Priority 
| 
Input 
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(A) MOTOROLA se MC10166 


5-BIT MAGNITUDE 
COMPARATOR 


MECL 104 senes 


The MC10166 is a high speed expandable 5-bit comparator for 
comparing the magnitude of two binary words. Two outputs are 
provided: A < B and A > B. A = B can be obtained by NORing 
the two outputs with an additional gate. A high level on the enable 
function forces both outputs low. Multiple MC10166s may be used 
for larger word comparisons. 


5-BIT MAGNITUDE 
COMPARATOR 


Pp = 440 mW typ/pkg (No Load) 


tod = Data to output 6.0 ns typ 
E to output 2.5 ns typ 


tr, te = 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


LOGIC DIAGRAM CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


i 


> 


DIP 
PIN ASSIGNMENT 


= eal 


Eeallilincalts 





entre | : 


———} » 


TRUTH TABLE 


L Word A = Word B 
Word A > Word B 
Word A < Word B 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only 
selected inputs and outputs. Other inputs and outputs are tested in a similar TEST VOLTAGE VALUES; 
manner. 


Volts 


@ Test 
Temperature Vittmax Vitmin 


~30°C ~0.890 ~1.890 


+25°c | -0.810 -1.850 -1.105 | -1.475 


+85°C | -0.700 | -1.825 | -1.035 | -1.440 
a MC10166_ Test Limits 
in : 
Under OF Se coda idee alge ta eo cir RR 
Unit 


Characteristic Test | Min | Max | Min | | Max | Min {Max | i Vitmin {YinAmin| ViLAmax | VEE Gnd 
[= [a0 [220 [=| a0 [Ac [5 | 
ee ee ae ee aoe 
: sol Se me 


ViHAmin|ViLAmax | VEE 


-1.205 | -1.500 








| 8 | 
Pine |_| = = Pwace] =| ae 
Logic ‘’1’’ Output Voltage Vv . -1.060 | -0.890 | -0.960 ~0.810 | -0.890] -0.700 Vdc 5 8 1,16 
OH 
-1.060 | -0.890 | -0.960 -0.810 } -0.890 | -0.700 Vde 4 8 1,16 
Logic ‘0’ Output Voltage VOL -1.890 | -1.675 | -1.850 ~1.650 | -1.825] ~1.615 Vde ,15 
-1.890 | -1.675 | -1.850 -1.650 | -1.825] -1.615 Vde 4,15 
; 5 
. 4 
: 5 
4 


5 


8 1,16 

8 1,16 

8 1,16 

15 8 1,16 
_ 8 1,16 
= 8 1,16 


—_ 
oOo 


5 

5 

2 

3 

2 

3 
Logic ‘'1"’ Threshold Voltage VOHA 2 -1.080 -0.980 -0.910 Vde 

3 -1.080 -0.980 -0.910 Vde 
Logic ‘0’ Threshold Voltage VOLA 2 -1.655 | -1.630 -1.595 Vde 
3 ~1.655 ~1.630 -1.595 Vdc 


| Switching Times +1.11 V 
(50 Q Load) 
Propagation Delay 
Data to Output : : ; : 1.0 F ns 
Enable to Output . ‘ ; : . 
Rise Time (20% to 80%) ; : . . : : 
Fall Time (20% to 80%) * . . : é A H 


| | 









ee) 
— 
pan 
oO 


N NMOWWWWNHND ND DN 
NO NWWWWNNNN 
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MC10166 








APPLICATION INFORMATION 


FIGURE 1 — 9-BIT MAGNITUDE COMPARATOR 


AOBOA1B1A2 B2A3B3A4B4 A5 BSA6B6A7B7A8B8 


B24 
A24 
B23 
A23 
B22 
A22 
B21 
A21 
B20 
A20 


AO At A2 AS A4 AO Al A2 AS A4 
BO 81 B2 B3 B4 BO B1 B2 B3 B4 


MC10166 MC 10166 


A>B A<B A>B A<B 


B19 
A19 
B18 


A18 
B17 


A17 
B16 

A16 
B15 

Als 





A>B A<B A=B8B 
For 9-Bit Word 


B14 
Al4 
B13 
Al3 
B12 
Al2 
B11 
Al11 
B10 
A110 


Bg 
AQ 

BS 
A8 

B7 
A7 

B6 
A6 

BS 
A5 


The MC10166 compares the magnitude of two 5-bit 
words. Two outputs are provided which give a high level 
for A> Band A< B. The A= B function can be obtained 
by wire-ORing these outputs (a low level indicates A = B) 
or by NORing the outputs (a high level indicates A = B). 

For longer word lengths, the MC10166 can be serially 
expanded or cascaded. Figure 1 shows two devices in a 
serial expansion for a 9-bit word length. The A > B and 
A< B outputs are fed to the AO and BO inputs respectively 
of the next device. The connection for an A = B output is 
also shown. The worst case delay time of serial expansion 
is equal to the number of comparators times the data-to- 
output delay. . 

For shorter delay times than possible with serial ex- 
pansion, devices can be cascaded. Figure 2 shows a 25-bit 
FIGURE 2 — 25-BIT MAGNITUDE COMPARATOR cascaded comparator whose worst case delay is two data- 
to-output delays. The cascaded scheme can be extended 
to longer word lengths. 


B4 
A4 

B3 
A3 

B2 
A2 

B1 
Al 

BO 
AO 
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(MA) MOTOROLA MC10168 


MECL 10k senes 


QUAD LATCH 


The MC10168 is a Quad Latch with common clocking to all four 
latches. Separate output enabling gates are provided for each 
latch, allowing direct wiring to a bus. When the clock is high, 
outputs will follow the D inputs. Information is latched on the 
negative-going transition of the clock. 


QUAD LATCH 


Pp = 310 mW typ/pkg (No Load) 
tod = GtoQ = 2nstyp 

D to Q = 3nstyp 

CtoQ = 4nstyp 


= 2.0 ns typ (20%-80%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


11 Q2 


15 Q3 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


¢@ = don’t care 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 
through a 50-ohm resistor to — 2.0 volts. Test procedures are shown for only. 
selected inputs and outputs. The other inputs and outputs are tested in the 
same manner. 





TEST VOLTAGE VALUES 


(Volts) 

















@ Test 
125°C 















MC10168 Test Limits TEST VOLTAGE APPLIED TO PINS 
125°C sc [ i LISTED BELOW: Ve 


—s a ee ) 








3 


245 







265 


Ee 
3 


245 wAdc 
265 
1.060 0.890 —_ Wie 
060 | 0.800 |-ose0 | — | “ost0 | 0.800. 







* 





Logic ‘‘1'’ Output Voltage 
"Oo" VOL 


Logic ‘’0’' Output Voltage . 


Logic ‘'1'' Threshold Voltage VOHA 
Logic ‘’0’’ Threshold Voltage VOLA 


Switching Times 
- (50 Q Load) 
Propagation Delay: Data 
Gate 
Clock 










E -0.810 | -0.890 | -0.700 Vde 3,13 

3 -0.810 | -0.890 | -0.700 Vdc 7,13 
-1.890 | -1.675 } -1.850 -1.650 | -1.825 | -1.615 Vde 
-1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 
-0.910 Vde 
; -0.910 Vde 
-1.630 -1.595 Vdc 
~1.630 ~1.595 Vdc 


+1.11V 
ns 


-1.080 -0.980 
-1.080 -0.980 
-1.655 
-1.655 


13 
3,5 
4,7 

13 

13 

13 




































t5-2+ 
13+2+ 
134134 
1343+ 
t+ 
t2_ 











Setup Time 


Hold Time - 
Rise Time (20% to 80%) 
Fall Time (20% to 80%) 









— 7 
oO . 





“Individually test each input applying Viz4 or Vi, to input under test. 


S9LOLOIN 


@) mororota 


9 + 2-BIT PARITY 
GENERATOR-CHECKER 


The MC10170 is a 11-bit parity circuit, which is segmented into 
9 data bits and 2 control bits. 

Output A generates odd parity on 9 bits; that is, Output A goes 
high for an odd number of high logic levels on the bit inputs in 
only 2 gate delays. 

The Control Inputs can be used to expand parity to larger num- 
bers of bits with minimal delay or can be used to generate even 
parity. To expand parity to larger words, the MC10170 can be 
used with the MC10160 or other MC10170’s. The MC10170 can 
generate both even and odd parity. 


Pp = 300 mW typ/pkg (No Load) 

tod = 2.5 ns typ (Control Inputs to B Output) 
4.0 ns typ (Data Inputs to A Output) 
6.0 ns typ (Data Inputs to B Output) 

ty, t¢ = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Control! 13 High 


Inputs = 14 Low 
DO 


D1 
D2 


15 B 


2A 


Odd Parity 


INPUTS OUTPUTS 
(Sumet | oda Parity 
D Inputs 

| Odd | High | Low | 
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Even Parity 


MECL iwi SERIES 


9 + 2-BIT PARITY 
GENERATOR-CHECKER 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


O2L-€ 


- | Power Supply Drain Current 





ELECTRICAL CHARACTERISTICS 


Each MECI 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 





TEST VOLTAGE VALUES 


(Volts) 


















@ Test 
Temperature 
-aoee {-0.900 | 1.800 | 1.205 | 1500 [52 
125°C Posie] -1880_[ 1.105 | “146 [62 
[0.700 [-1828 | -1.005 [1400 | 52_| 







MC10170 Test Limits 


Under |___ 30°C | tC 


TEST VOLTAGE APPLIED TO PANS LISTED BELOW: 


pee ) 
ae 










Characteristic Vitmax 










Input Current tH 


Logic ‘'1’’ Output Voltage 


aon sa 
-1.060 | -0.890 ; -0.960 
| YO | is [eo | oe 
Logic ‘0’ Output Voltage -1.890 | -1.675 | -1.850 
Pee Peres 
-1 080 -0. 980 
Logic '‘0’’ Threshold Voltage ) Oe es ap 


Switching Times (50-ohm Load) 
Propagation Delay 









-0.810 = Pus 

‘os10 7o0 

-1.650 | -1.825 

-1.650 | -1.825 | -1.615 
sai 

-1.630 

-1.630 













=F 
eee 

8 1,16 
=e 


Telit | 













1434+15+ 
t14-15- 
t3+9- 






Rise Time 
(20% to 80%) 


Fall Time 
(20% to 80%) 








(AA) MOTOROLA 


DUAL BINARY TO 1-4-DECODER MECL i@h series 


(LOW) 


The MC10171 is a binary coded 2 line to dua! 4 line decoder 
with selected outputs low. With either EO or E1 high, the corre- 


sponding selected 4 outputs are high. The common enable E 
when high, forces all outputs high. 


BINARY TO 1-4-DECODER 
(LOW) 


Pp = 325 mW typ/pkg (No Load) 
tod 4.0 ns typ 


L SUFFIX 
= 2.0 ns typ (20%-80%) 


CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM 
P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Vcc1 
Vcc2 
VEE 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


zrcazzr |g 
zrzzzo=|8 
zezarzz|g 





¢@ = Don’t Care 
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‘are terminated through a 50-ohm resistor to — 2.0 volts. Test Procedures are 


_shown only for selected inputs and outputs. Other inputs and outputs are @ Test 

tested in a similar manner. Temperature aie aoe 
-30°C 
+259 |__ 70-890 _| | 1.205 | 


Input Current linH 1 
i” lint 1 
1 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal! equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 






- TEST VOLTAGE VALUES. 
(Volts) . 
ViHmax ViHAmin | Vitamax . 
-0.890 -1.890 -1.205 -1.500 | -6.2 | 
(Vcc) 
Gnd 





























Pi MC10171_ Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Unde | 30°C = {| tec | tC , 
Characteristic Symbol Test 


es 
| Min [Max [Min | Tye [| Max | Min [| Max | Unit | Vinmax | Vitmin | Vinamin | Vitamax_| 
[Power Supply Drain Current | te | @ | - | = | - | 5 | 77 | - | |maw]oroun> - [- 
15 
15 


0 


-1.060 | -0.890 | -0.960 
~1.060 | -0.890 | -0.960 


ad 
eae | 
7 
6. 







uAdc _ 
uAdc 14 
-0.810 | -0.890 | -0.700 Vdc 15 
-0.810 | -0.890 {| -0.700 Vdc 15 






n 
4 
4 
Logic “’1"' 
Output Voltage 
3 


Logic 0" Output Voltage | Vo -1.650 | -1.825 | -1.615 2,7,9,14,15 


[1.890 | 1.675 | 1.250 _| 












rare 
6 


| Logic 1" -1.080 -0.980 -0.910 Vde 1,16 
Threshold Voitage -1.080 -0.980 -0.910 Vdc 1,16 
Logic ‘’0" 1,16 
1,16 


5 
-1.655 

Threshold Voltage ~1.655 

5 

1 


Switching Times 
(SO 2 Load) 


Propagation Delay 

















, 
1 
Rise Time (20% to 80%) 






8 
8 
8 
8 
8 
8 
8 7 
8 


6 1 6.4 ns 2,9,14,15 7 1,16 
1 3.4 


yp 
4.0 
2.0 





Fall Time (20% to 80%) 





77 
220 
-1.630 -1.595 Vde 2,9,14,15 
~1.630 -1.595 Vde 2,7,14,15 
0 a5 
3.3 1 


= 
2) 
—_ 
oO 
= 
~ 
= 





(A) MOTOROLA 


DUAL BINARY TO 1-4-DECODER 
(HIGH) 


The MC10172 is a binary-coded 2 line to dual 4 line decoder 
with selected outputs high. With either EO or E71 iow, the corre- 
sponding selected 4 outputs are low. The common enable E, when 
high, forces all outputs low. 


Pp = 325 mW typ/pkg (No Load) 
tod = 4.0 ns typ 
= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Pin 1 
Vcc2 Pin 16 
VEE Pin 8 


TRUTH TABLE 


recerze|8 
ie) 
° 
i) 


GorrtrtriéTrT 


mi 
-_ 
rat eee |al 


¢@ = Don’t Care 
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MECL 104 series 


DUAL 
BINARY TO 1-4-DECODER 
(HIGH) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 


VoL-E 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are 









TEST VOLTAGE VALUES 


; (Volts) 
ViHmax ViHAmin | ViLAmax VEE 
_-0.890 -1.890 -1.205 ~1.500 ~5.2 
-0.810 -1.850 -1.105 -1.475 -5.2 
-0.700 -1.825 -1.035 -1.440 -5.2 
(Vec) 
Gnd 













tested in a similar manner. @ Test aad | vanes nea 
Temperature 
-30°e [| -0.890_| P=1:208 | P52 





MC10172 Test Limits 


Pi 
Input Current linH eae han 
14 


n 
[min [Mee | 
eee 62 es am 
4 pAdc 
lint 4 uAdc 
890 | a 
a 
0 





TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 





Characteristic 


_ 
£ 





14 
2 
5 


—_ — — —_ > eae —_ 
—_ fook Tas ee Lo py Par 
AA AINA HA OH 


1 
1 
Logic “1” VOH 6 ~1.060 j} -0.890 } -0.960 -0.810 | -0.890 | -0.700 Vdc 
Output Voltage 1 -1.060 | -0.890 } -0.960 -0.810 | -0.890 | -0.700 Vde 
1 ie) 
6 2 
1 14 ; 


Logic “0” Output Voltage | Vor. | 13 | -1.890-| -1.675 | -1.850 | -1.650 | -1.825 1 

Logic "1" VOHA 
-1.630 -1.595 | Vdc 2,9,14 1,16 
-1.630 -1.595 | Vdc 2,7,14 1,16 


-1.080 ~0.980 -0.910 Vde 
Threshold Voltage -1.080 -0.980 -0.910 Vdc 
4. 6 1.5 6.4 ns 2 9,14 7 6 1,16 
2 9,14 6 
| 14 13 
14 13 
2.0 1.1 3.4 2 6 
14 13 
14 


7 
9 












(50 2 Load) 
Propagation Delay 

























Rise Time (20% to 80%) 





77 
220 
Logic ‘‘0” VOLA -1.655 ; 
Threshold Voltage -1.655 : 
.O 
3.3 


Switching Times 
6 1.5 6.2 1.5 
6 
13 
6 1.0 3.3 1.1 
13 
13 





Fall Time (20% to 80%) 





CLLOLOIN 


(AA) MOTOROLA 


QUAD 2-INPUT 
MULTIPLEXER/LATCH 


The MCi0173 is a quad two channel multiplexer with latch. It 
incorporates common clock and common data select inputs. The 
select input determines which data input is enabled. A high (H) 
level enables data inputs DOO, D10, D20, and D30 and a low (L) 
level enables data inputs D01, D11, D21, D31. Any change on the 


data input will be reflected at the outputs while the clock is low. 
The outputs are latched on the positive transition of the clock. 
While the clock is in the high state, a change in the information 
present at the data inputs will not affect the output information. 


Pp = 275 mW typ/pkg (No Load) 
tod = 2.5 ns typ 
= 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Select 9 


1 Q0 
DOO 6 


DO1 5 


2Q1 
D10 4 


D113 


15 Q2 
D20 13 


D21 12 


14 Q3 
D30 11 


D31 10 





Clock 7 in 16 


in8 


Pp 
Pp 


TRUTH TABLE 


SELECT | CLOCK 


H L Doo 
L L D01 
¢ H Q0n 


¢@ = Don't Care 
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MECL LW SERIES 


QUAD 2-INPUT 
MULTIPLEXER/LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


9| | Select 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





9cl-€ 


ELECTRICAL CHARACTERISTICS 
Each MECL 10,000 series circuit has been designed to meet the dc specifi- 










TEST VOLTAGE VALUES 


ViL-min VIHA min | VILA max 

~1.890 -1.205 -1.500 
(Vcc) 
Gnd 














cations shown in the test table, after thermal equilibrium has been estab- (Volts) 
lished. The circuit is in a test socket or mounted on a printed circuit board @ Test 

and transverse air flow greater than 500 linear fpm is maintained. Outputs Temperature ee es 

are terminated through a 50-ohm resistor to — 2.0 volts. -30°c ~{ -0.890 | -1.890 | ; 


MC10173 Test Limits VOLTAGE APPLIED TO PiNS LISTED BELOW: 


+ 
N 
oa 

° 
i) 

+ 
to] 
oa 

o 
io) 


= [na | 


VIHA min| VitAmax| VEE 














Input Current 295 8 
295 
250 i | 
250 






















An 

Leeds aie Cie eee ee 
Logic ‘1" ‘ -0.810 | -0.890 | -0.700 Vde 6,9 7 8 16 
Output Voltage ; -0.810 | -0.890 | -0.700 Vde 5 7 8 16 
Logic ‘‘0” -1.890 -1.650 | -1.825 -1.615 Vdc 7 8 16 
Output Voltage -1.890 -1.650 | -1.825 -1.615 Vde 7 8 16 
Logic ‘'1” ~1.080 -0.910 - Vde 7 6 8 16 
Threshold Voltage -1.080 -0.910 = Vdc 7 5 8 16 
Logic ‘‘0" -1.595 Vde 7 8 16 
Threshold Voltage -1.595 Vdc 7 8 16 

Switching Times +0.31Vde | Pulsein | Pulse Out | -3.2 Vde[+2.0 Vdc 













Propagation Delay 
Data !nput 





_ 
— 


16 







Ciock Input 1.4 














Select Input 





Setup Time 
Data Input 
Select Input 


Hold Time 
Data Input 
Select Input 

Rise Time 

(20 to 80%) 

Fall Time 

(20 to 80%) 





|_| 


*ViLmin applied to each input pin, one at a time. 


ELLOLOW 


(AA) MOTOROLA 


DUAL 4 TO 1 MULTIPLEXER 


The MC10174 is a high speed dual channel multiplexer with 
output enable capability. The select inputs determine one of four 
active data inputs for each multiplexer. An output enable forces 


both outputs low when in the high state. 


Pp = 305 mW typ/pkg (No Load) 
tod = 3.5 ns typ (Data to output) 
= 2.0 ns typ (20%~-80%) 





LOGIC DIAGRAM 





“p00 30 
DO1 50 
DO2 40 O2 Q0 
DO3 60 
sro 
O 
Enable 140 
D10 130 
D1i1 110 
O15 Q1 
D12 120 
D13 100 
Vcc1 = Pin1 
Vcc2 = Pin 16 
VEE = Pin8 


TRUTH TABLE 





@ = Don’t Care 
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DUAL 4 TO 1 MULTIPLEXER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 





Vcc2 
Q1 


Enable 
D10 


D12 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been established 
in an ambient temperature of 25°C, while the circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 
linear fom is maintained. Outputs are terminated through a 50-ohm resistor 
to —2.0 volts. Test procedures are shown for only one input, or for one set 





TEST VOLTAGE VALUES 


















of input conditions. Other inputs tested in the same manner. (Volts) 
@Test . 
“30°C 







+85°C 





















MC10174 
+25°C 


Test Limits 








+85°C 








Pin 
Under 

Characteristic Symbot Test 
Power Supply Drain Current Ss 8 
Input Current 4 


Logie my 
Output Voitage 


Logic ‘‘0” 
Output Voltage 

















































Logic “1” 
Threshold Voltage 


Logic ‘‘O” 
Threshold Voltage 
Switching Times 


(50 2 Load) 
Propagation Delay 


VOHA 



















Rise Time 
(20% to 80%) 
Fall Time 
(20% to 80%) 










VLLOLOIW 


(MA) MOTOROLA 


QUINT LATCH MECL iGh series 


The MC10175 is a high speed, low power quint latch. It features 
five D type latches with common reset and a common two-input 
clock. Data is transferred on the negative edge of the clock and 
latched on the positive edge. The two clock inputs are ““OR’’ed 
together. 

Any change on the data input will be reflected at the outputs 
while the clock is low. The outputs are latched on the positive 
transition of the clock. While the clock is in the high state, a change 
in the information present at the data inputs will not affect the 
output information. The reset input is enabled only when the clock 
is in the high state. 


QUINT LATCH 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 400 mW typ/pkg (No Load) 
tod = 2.5 ns typ (Data to Output) 
2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





LOGIC DIAGRAM 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


11 L_} Reset 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is: maintained. Outputs 





TEST VOLTAGE VALUES 
(Volts) 














are terminated through a 50-ohm resistor to — 2.0.volts. Test procedures are @ Test 

shown only for selected inputs and outputs. Other inputs and outputs are Temperature 

tested in a similar manner. -30°C 
+85°C 






-0.700 Sp B95 -1.035 -1.440 


MC10175L Test as ee VOLTAGE APPLIED TO PINS LISTED BELOW: 
sae | 30° [| s85%C | 
Symbol | Test cic ef Mex fain 7 ibe | ia min | VILA max -iwaea vet | re 


| <7 
par a 














Characteristic 














290 ied 
290 
a 290 is 
650 650 a 
Input Leakage Current Pee ot 0.3 


| os ae | = | wade _| 
Logic 1" -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde — 2 : pio 
Output Voltage -1.060 | -0.890 | -0.960 -0.810 ; -0.890 | -0.700 Vdc 12 8 1,16 
Logic “'0”’ 14 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vdc 6,10 8 
Output Voltage 15 -1.890 | -1.675 |} -1.850 -1.650 | -1.825 | -1.615 Vde 6,12 8 
Logic ‘'1" VOHA 14 -1.080 -0.980 -0.910 4 10 8 1,16 
Threshold Voltage 15 -1.080 -0.980 -0.910 12 8 1,16 


Logic ‘’0’’ VOLA ic -1.655 
Threshold Voltage 
10 14 1,16 
a 10 
y |e 1 2 1 
7 10,6 


Switching Times. 
6,10 14 8 1,16 
6,10 
10 
10 : 







oO 
o 



























= 
Oo 


Data Input t404+144 


t40-14- 
t6-14+ 
te-14- 






Clock Input 















Reset Input 












Setup Time 
Hold Time 


Rise Time (20 to 80%) 
Fall Time (20 to 80%) 







3 4 aaloo|<—; 





@) Individually test each input; apply Vi min to pin under test. 
Q) Output latched to high logic state prior to test. 


GZLOLOIN 


(MA) MOTOROLA 


cde sie MECL 105 scenes 
FLIP-FLOP 

The MC10176 contains six high-speed, master slave type ‘’D’’ 
flip-flops. Clocking is common to all six flip-flops. Data is entered 
into the master when the clock is low. Master to slave data transfer 
takes place on the positive-going Clock transition. Thus, outputs 
may change only on a positive-going Clock transition. A change 
in the information present at the data (D) input will not affect the 
output information any other time due to the master-slave con- 
struction of this device. 


HEX “D” MASTER-SLAVE 
FLIP-FLOP 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 460 mW typ/pkg (No Load) 
tr, tf = 2.0 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 
LOGIC DIAGRAM 


FN SUFFIX 
PLCC 
20," CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


*A clock H is a clock transition For PLCC pin assignment, see tables on page 1-31. 


from a low to a high state. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- TEST VOLTAGE VALUES 
cations shown in the test table, after thermal equilibrium has been estab- (Volts) 


lished. The circuit is in a test socket or mounted on a printed circuit board @Test ee. rrr 
and transverse air flow greater than 500 linear fpm is maintained. Outputs Temperature 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 

shown for only one data input, and the clock input, and for one output. Other 30°C | o¢00 | -1800 | -1205 | -1.500 | -52 | 


inputs and outputs tested in the same manner. 
P p 125°C “1.860 


MC10176 Test Limits TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


(Vcc) 


hAdc 8 1,16 

8 1,16 
pAdc 5 8 1,16 
yAdc 9 8 1,16 








Characteristic 





Cc 
s 
a. 
@ 
n 
+ 
N 
o)] 
[°} 
i) 


Power Supply Drain Current ES 
ee 


Input Leakage Current 
















Logic ‘‘1” 
Output Voltage 





Logic ‘0’ 
Output Voltage 





Logic 1" 
Threshold Voltage 


Logic ‘‘0" 
Threshold Voltage 


Switching Times 
Clock Input ** 
Progagation Delay 


Rise Time (20 to 80%) 
Fall Time (20 to 80%) 


Hold Time 
Toggle Frequency frog 


+ Output level to be measured after a clock pulse has been applied to C input (pin 9) | oe mam 
tL min 





Bani 


125 


9LLOLOI 


(MA) MOTOROLA 


TRIPLE MECL TO 
NMOS TRANSLATOR MECL Loh SERIES 


The MC10177 consists of three MECL to MOS translators which 
convert MECL 10,000 logic levels to NMOS levels. It is designed TRIPLE MECL TO 
for use in N-channel memory systems as a Read/Write, Data/Ad- NMOS TRANSLATOR 
dress driver. It may also be used as a high fanout (30) MECL to 
TTL translator, or in other applications requiring the capability to 
drive high capacitive loads. A separate lead from each of the three 
translators is brought out of the package. These leads may be 
connected to Vss or to an external capacitor (0.01 to 0.05 uF to 
ground), for waveform improvement, and short circuit protection. 
When connection is made to an external capacitor, Vsg line fluc- 
tuations due to transient currents are also reduced. 


Max Load: 350 pF 
Pp = 1.0 W typ/pkg @ 5.0 MHz 


Operating rate: 5.0 MHz typ. L SUFFIX 
(all 3 translators in use simultaneously) CERAMIC PACKAGE 


INPUT: MECL 10,000 (differential) CASE 620 


OUTPUT: NMOS + 0.5 V Vo_max 
+ 3.0 V VoHmin* 


tr, te = 6.0 ns typ (20%-80%) 


*May be raised by increasing Vss. 


PIN ASSIGNMENT 


LOGIC DIAGRAM 


Gnd = Pins 1, 16 
Pin 8 = —5.2 Vdc +5% 
Pin 9 (+5.0 Vdc or +6.0 Vdc + 10%) 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. 

In general test procedures are shown for only one input and one output. The 


other inputs and outputs are tested in a similar manner. 
i @ Test 
Temperature 


-30°C 
+25°C 
+85°C 







MC10177 Test Limits 
Pin 


> 
Under -30°C +25°C 











Characteristic 












Negative 
Positive Guiaie Low 
Output High 


Isso 
ISSL 
ISSH 


Input Leakage Current 


Scaaaee Ral ea Fe FE 

4.0 4.0 4.0 

pee pet et tet tS fe ae 
2 0.6 

Logic “1° Threshold Voltage bad EE: 
2 














Switching Times 
(350 pF Load) 


Propagation Delay 


t154+2+ 
145-2- 
144+2- 
14-2+ 
t2+ 
















NO NN NN 


Rise Time 

(10% to 90%) 
Fall Time 
(10% to 90%) 


Supply Source Current 
(@ 5.0 MHz) 
(350 pF Load) 







11 3.0 11 





6.0 


2.0 | 12.5 
3.0 12 
2 3.0 12 


‘ va : ce 







#See test circuit. 





Logic ' ‘0 Threshoid Voltage VOLA 0.5 0.5 0.5] Vdc 15 : 1,16 
0.6 0.6 0.6; Vdc 15 1,16 
P30 [macs peep Es 


12.5 2.0 | 12.5 ns 


" ao - T PEPE 










TEST VOLTAGE/CURRENT VALUES 
Volts 


Vin Amin|ViL Amax Vee} Vs 


















ro) 
< 

77) 

un 






















Symbol| Test [min | Max | min | Typ | Max | min | Max| Unit | ViHmax 
























1,16 
1,16 


















ol 





11,13 15 
i 15 | 
15 14 
15 14 
14° 15 
14 1 





= 
oO 
—= 
| 
—_ 
~ 
~ 





MC10177 


SWITCHING TIME TEST CIRCUIT 








Vine Vint Vec=Gnd  Vgg = +6.0 Vde Vea. 
Coax Coax ae 
CD Cp 
= 1.2k 
ilie 3 
gaia eat a rea 0.05 uF 
| Vis + O) Mis l ae 
Pulse in O 2 = 
Generators | 14 ae 
nr © CAs >. ) 
CL 
| 5 l aN 350 pF 
Tio | l 0.05 uF 
1 
: ge ee 
| 12 
O 
Input Pulse | _ : 
tt =t-=2.0+0.2 ns : 7 le is 
ae) fe) _ 
(20% to 80%) spo. ie 
PRF = 5.0 MHz 11 | a 
Duty Cycle = 50% 
CL 


50-ohm termination to ground lo- 
cated in each scope channel input, 
and 50-ohm termination to ground 
on each unmonitored input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input Veg = -5.2 Vde 
pin and TPoyt tO Output pin. 





SWITCHING WAVEFORMS @ 25°C 


Switching times are measured after the device under test 
reaches a stabilized temperature (air flow = 500 Ifpm) 


0.890 V 


! 50% 






out 
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(AA) MOTOROLA 


BINARY COUNTER 


The MC10178 is a four-bit counter capable of divide-by-two, 
divide-by-four, divide-by-eight or a divide-by-sixteen function. 

Clock inputs trigger on the positive going edge of the clock 
pulse. Set and Reset inputs override the clock, allowing asyn- 
chronous ‘‘set” or “clear.” Individual Set and common Reset in- 
puts are provided, as well as complementary outputs for the first 
and fourth bits. True outputs are available at all bits. 


Pp = 370 mW typ/pkg (No Load) 
ty, te = 2.7 ns typ (20%-80%) 


LOGIC DIAGRAM 


Vcc2 = Pin 16 


TRUTH TABLE VEE = Pins 


merrier rlr eet oe 
Treroerea~tD~rorttrrereitTtree 
ea as See Ss SN pee eee casa cece Cs oes es Cae peel) pec re ad 
Derrrrrrerrrrererer 


Clock transition from Vi, to ViH 
may be applied to C1 or C2 or both 
for same effect. 
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MC10178 


MECL Gh series 


BINARY COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
204° . CASE 775 


DIP 
PIN ASSIGNMENT 


So 
Clock 2 


Reset 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





ZEL-E 


ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are TEST VOLTAGE VALUES 
shown for only selected inputs and outputs. Other inputs and outputs tested (Volts) 


el a —_ be ee 
-30°C 


TEST VOLTAGE APPLIED TO 


























Power | Power Supply Drain Current | Drain Current 


B MC10178 Test Limits 
under PINS LISTED BELOW: 





Input Current a = = =— —m 
i 1 350 220 220 
650 410 410 

lin vor 


9 
Logic “1” Output Voltage 14 -1.060 | -0.890 | -0.960 ~0.810 | -0.890 | -0.700 Vdc 
15 -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde i 


1 5 
1,16 
Logic ‘’0” Output Voltage 14 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 1,16 

16 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 Vde 1,16 


















Logic ‘‘1’’ Threshold Voltage -0.910 8 1,16 
5 -0.910 ; 8 1,16 

8 1,16 

Logic ‘'0"' Thresho!d Voltage 8 1,16 
; 8 1,16 

8 1,16 


+2.0 Vdc 


| Pulse In [Pulse Out |-3.2 Vdel +2.0 Vde | 
12 15 8 1,16 
; 
15 
15 
ecw Ds 
eee ie 
Fao ie aed 


feet : 






Switching Times 


















Clock Input t424+15-- 
Propagation Delay t12-13- 
t12+4- 
t12-3+ 

Rise Time (20 to 80%) t15+ 


Fall Time (20 to 80%) 
Set Input 


t15- 


EET GDC 
Pos |e] | | | 


oom [= | 


“Individually test each input applying Vj, to input under test. 









Reset Input 


Counting Frequency 








8ZLOLOIN 


(AA) MOTOROLA 


LOOK-AHEAD CARRY BLOCK MECL 10k 

The MC10179 is a high speed, low power, standard MECL com- 
plex function that is designed to perform the look-ahead carry 
function. This device can be used with the MC10181 4-bit ALU 
directly, or with the MC10180 dual arithmetic unit in any com- 
puter, instrumentation or digital communication application re- 
quiring high speed arithmetic operation on long words. 

When used with the MC10181, the MC10179 performs a second 
order or higher look-ahead. Figure 2 shows a 16-bit look-ahead 
carry arithmetic unit. Second order carry is valuable for longer 
binary words. As an example, addition of two 32-bit words is 
improved from 30 nanoseconds with ripple-carry techniques. A 
block diagram of a 32-bit ALU is shown in Figure 1. The MC10179 
may also be used in many other applications. It can, for example, 
reduce system package count when used to generate functions 
of several variables. | 


LOOK-AHEAD CARRY BLOCK 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pp = 300 mW typ/pkg (No Load) 


tod 3.0 ns typ (Carry, Propogate) 
4.0 ns typ (Generate) 


= 2.3 ns typ (20%-80%) © 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM 
PIN ASSIGNMENT 


“| 


ls 


Vcc1 
Vcc2 
VEE 


PO + P1 + P2 + P3 : 

(GO + P1 + P2 + P3) (G1 + P2 + P3) (G2 + P3) G3 

(Ch, + PO + P1) (GO + P1) G1 

(C, + PO + P1 + P2 + P3) (GO + P1 + P2 + P3) (G1 + P2 + P3) 


(G2 + P3) G3 


hou wt 





3-138 


6EL-E 


ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series device has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown only for selected inputs and outputs. Other inputs and outputs are 
tested in a similar manner. 










TEST VOLTAGE VALUES 






(Volts) 
@ Test 
Tompertur VILA max 
-30°e [0.90 | 1.890 | 1.205 [| -1800 | 52 






[0.700 | =1.828 | _-1.035_[_-1.440 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


| unt [Wi [| 
[Fonerswi emcee te [8m pe te is ae ee 


_ ae 


A I SA 
F100 [1.675 [-1.950 | — [1.650 | -1.825 | 1.615 | vac 


888 | 
-1, r -0.980 -0. (" | 13 5 
5,12 9 
| 5,9 12 
5 13 
-1. |" -1. i. 13 1 | 
5 
5 
5,9 


+141 Pulsetn | Pulse Out 
15 7,16 
15 


+85°C 














MC10179 Test Limits 






















Logic ‘1’ Output Voltage 


Logic ‘‘0” Output Voltage 
Logic ‘‘1" 
Threshold Voltage 





Fe : 
© a 
r- 












VOHA 
VOLA 





Logic ‘‘O" 
Threshold Voltage 






Switching Times 
(50 2 Load) 


Propagation Delay 










Rise Time (20% to 80%) 
Fall Time (20% to 80%) 








6ZLOLOW 


OVl-€. 


Cin O 


$10 
S20 
$30 





FIGURE 1 — 32-BIT ALU WITH CARRY LOOK-AHEAD 







Add Time = 
18 ns typ 






MC10179 Mc10179 


FIGURE 2 — 16-BIT FULL LOOK-AHEAD CARRY ARITHMETIC LOGIC UNIT 

































A14 
= AG o y 
B13 
7 a2 O ag. | 410 Oo | B14 
Al Pe - BS Se : O ? B10 A13 O ae 
Qo O 
o Y 2 Tai B12 7 ae 
O oy B4 eu AB O44 ai2 sy 
AO B3 as 9 B7 O° O ? 
| | | fee RERERES 
AO 80 Al B1A2 B2 A3 B3 AO BO Al B1A2 B2 A3 B3 AO BO Al B1A2 B2 AZ ee BO Al B1A2 B82 A3 B3 
Ch+4 Ch Cyh+a4 O Cy CH+4 Ch Cyh+4 
M M : 
so MC10181 so Mc10181 aq Mc10181 so MC10181 
4-BIT ARITHMETIC ’ 4-BIT ARITHMETIC 4-BIT ARITHMETIC 4-BIT ARITHMETIC 
LOGIC UNIT LOGIC UNIT = LOGIC UNIT =A LOGIC UNIT 



















P1 Gt P2 G2 P3 G3 


MC10179 
CARRY LOOK-AHEAD 





Ch+2 Co+4 


6ZLOLDI 


@) ere ee MC10180 


DUAL 2-BiT 
ADDER/SUBTRACTOR 


MECL iQii sens 


The MC10180 is a high speed, low power general-purpose ad- 
der/subtractor. It is designed to be used in special purpose adders/ 
subtractors or in high speed multiplier arrays. The MC10180 can 
be used in any piece of equipment where these operations are 
necessary. 

Inputs for each adder are Carry-in, operand A, and operand B; 
outputs are Sum, Sum, and Carry-out. The common Select inputs 
serve as a control line to invert A for subtract, and a control line 
to invert B. 


DUAL 2-BIT 
ADDER/SUBTRACTOR 


Pp = 360 mW typ/pkg (No Load) 

Cjn to Coyt = 2.2 ns 
A0 to SO = 4.5 ns 
AO to Cout = 4.5 ns 
tr, te = 2.4 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





LOGIC DIAGRAM 


1 
L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Vcc = pin 16 
VEE = pin 8 


PIN ASSIGNMENT 


Positive Logic Only 
= A @® Sela = AO@Sela 


B ® Selgp = BOSelg 


Lae | Cin (A BY + AB) + 
ac 
TH |S=Brminusa net ears 
| ts = 0 minus A minus B Cout = Cin’ + Cin BY + A’ B’ 


TRUTH TABLE 


INPUTS Function INPUT: 
FUNCTION FUNCTION 
ttuHio 


2) 


zrxrzzrz(?| 


LEQ Ier ere zrrreree|s 
Ztrer@Trrrejrrtrerrigce -|3| 


2 


DTertritirter rezrirzr|? 


REVERSE 
SUBTRACT 


erzrazce | | 


SUBTRACT 


rtrerrrTrirémTe zezrzzzz|f 


roe ore fe LS sceezzarf | 


Cre rrr rr SE ETT Er ITT 


ZrTBrrrrjLTrTrtterrerer 


DBrererTterrl|rrerer rire 


Mere rtrerceyrertrerrerie 


Prerreeere 


mDTErrrtrrztijrerrertrirws 
Berererzercrrel|r ezreritiere 
Zeer rrerrrizgrreirorere 





Zeerrerir 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 linear fpm is maintained. Outputs are terminated 


Volts 

through a 50-ohm resistor to — 2.0 volts. @ Test 

Temperature VIH max VIHA min | VILA max | 
. -30°C -0.890 -1.890 —1.205 -1.500 
_ 3 ; +25°C | -0.810 | -1.850 -1.105 -1.475 
+85°C -0.700 -1.825 -1.035 ~1.440 

MC10180 Test Limits : TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under (Vec) 
Uni Gnd 


Characteristic Symbol Test | Max | VIH max VIHA min | VILA max VEE 
P95 [made | 


uAdc 
10 
11 
12 









TEST VOLTAGE VALUES 



































Input Current 










Logic ‘'1" 
Output Voltage 








= 
oO 
= 
i=) 
—_ 
oO 
oO 






Logic “go” 
' Qutput Voltage 









Logic *‘1"” 
Threshold Voltage 











Logic ‘‘0” 
Threshold Voltage 


[Yim max | 
fees : 
Be 
Earns 
oe 
Series; 
in 











Switching Times 
Propagation Delay 
Operand Input 






t5+15+ 
t6+15+ 


t4+15+ 










Carry-in Input 























14+3+ 
‘Select Input 7415+ 
tg+15+ 
Rise Time tq5+ 
(20 to 80%) 









5 

4 

a 

5 

5 

6 

4 

4 $ 
7 
9 

5 . 

5 





Fall Time t15- 


*Individually apply Vi__ min to pin under test. 





(AA) MOTOROLA 


4-BIT ARITHMETIC LOGIC 
UNIT/FUNCTION GENERATOR 


The MC10181 is a high-speed arithmetic logic unit capable of 
performing 16 logic operations and 16 arithmetic operations on 
two four-bit words. Full internal carry is incorporated for ripple 
through operation. 

Arithmetic logic operations are selected by applying the appro- 
priate binary word to the select inputs (SO through S3) as indicated 
in the tables of arithmetic/logic functions. Group carry propagate 
(PG) and carry generate (Gq) are provided to allow fast operations 
on very long words using a second order look ahead. The internal 
carry is enabled by applying a low level voltage to the mode 
control input (M). 

When used with the MC10179, full-carry look-ahead, as a second 
order look ahead block, the MC10181 provides high speed arith- 
metic operations on very long words. 


Pp = 600 mW typ/pkg (No Load) 
tod (typ): Al to F = 6.5 ns 
Cy to Cy, 4 = 3.1 ns 
Al to Pg = 5.0 ns 
Ai to GG = 4.5 ns 
A1 to Ch,q4 = 5.0 


LOGIC DIAGRAM 


SO S1 S2 $3 
AO FO 


A rt Vec1=Pin 1 
F2 Vcc2=Pin 24 
- VEE =Pin 12 
3 


GG 
PG 


Logic Functions Arithmetic Operation 
Function Select | M is High C = D.C. Mis Low Cy is low 
$3 $2 S1 SO F F 


plus (AeB 
plus (Ae B) 
times 2 
[A + B) plus 0 
+ B) plus (AB) 
plus B 
plus (A + B) 
+ B) plus 0 
minus B minus 1 
+ B) plus (Ae B) 
plus (A + B) 
‘minus 1 (two’s complement) 
eB) minus 1 
eB) minus 1 
minus 1 


++ dl 


A 
A 
A 
A 


lo mm 


“n 
=_ 


Q di > Il 
re) 
0 


Gl wo ol 


Ty_MM + 
QD i Dy Pd I yy, 
oa wo 

SrPEPrss 


pee Si w@e + @ wile 


n 
om 

n | if 'nil tl {I tn, 5 Fi wom 
a 
3 > 


D Di wy 


eS aa? coed? SOK read OR gale® Oe ec SU ae Oe ees HE 
nT 


TrEITrTITITrTIrTrPerrrreere 
GrrrrrereerrTTITIrTerreere 
TErrrtrrerrrreririire 
nanmanmamanmamaaAHnmaTasTT 
ot du tot toe tb bh th wow on tet 


' >> 
>Sb 
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MECL Leh SERIES 


4-BIT ARITHMETIC LOGIC 
UNIT/FUNCTION GENERATOR 





L SUFFIX 
CERAMIC PACKAGE 
CASE 623 24 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


PIN ASSIGNMENT 

















POSITIVE LOGIC DIAGRAM 


‘ott 


ie yr [pe yp 
ue a 
Rae 

<> 
anne 
fo Ra 
=a eo iia 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 


and transverse air flow greater than 500 linear fpm is maintained. Outputs RESTO EUOCE VOEUES 
are terminated through a 50-ohm resistor to — 2.0 volts. See as als 
Temperator VILA max 





MC10181 Test Limits 










Characteristic 


Power Supply Drain Current 


Input Current 


Input Leakage Current 









350 
460 
320 


i=) 


[ 


23 -_ 
[High Ovput Vorese | von | |-1080]-oas0] -o.960[ — | oar [000] -0700| vac | 
pF reo] — [0.980 =] 
ear ea 





=¥080 P= oatol—e 


*Test all input-output combinations according to Function Table. 





**For threshold level test, apply threshold input level to only one input pin at a time 





TEST VOLTAGE APPLIED TO PINS BELOW: 


VILA max 


| 


| 


VEE 
-52 
-5 2 


| 
on) 
No 


VEE Gnd 
12 
12 1,24 








v 


L8LOLOW 









AC Switching Characteristics 


| Max | 
IES PIMEE IRs 
Chiqg | AO,A1,A2,A3 3.2 | 1.0] 20] 3.0 
‘? F4 AO 1.7 5: 70 
| | | 1.7 O.} 4. 
{ ' 13 
TT 






















Cc 


nit 
Propagation Delay tt++, t-- 


Rise Time, Fall Time t+,t- 






Characteristic Symbol x 


—= 
on. 
woo 
nN 


nN 
ron) 
Saab tres 
= i 
oe 


Propagation Delay | 7.2 
7.2 
Rise Time, Fall Time 5.3 


Propagation Delay. ns 





Ch 
Ch 
Cy 
Al 
10 
Rise Time, Fall Time 5.0 
Propagation Delay ttt, t-- Al PG S0,S3 6.5 ns 
Rise Time, Fall Time tt, t- Al PG $0,S3 : ; 3.5 ns 
Propagation Delay | tt+, t-- Al Gc A0,A2,A3,Ch Vida 7.0 ns 
Rise Time, Fall Time t+, t- Al GG AD,A2,A3,C py .2 { 5.1 5.0 ns 
Propagation Delay tt~, t-+ Al CH+4 A0,A2,A3,Cy | 1.7 7.3 7.0 ns 
Rise Time, Fall Time tt. Al CnH+4 A0,A2,A3,Cyh } 1.0 | 3.1 3.0 ns 
Propagation Delay t++, t-+ B1 F1 $3, Cy 2.7 | 11.3 11 ns 
Rise Time, Fall Time t+, t- B1 F 1 S3Ce 1.2 5.3 5.0 ns 
Propagation Delay t++, t-- B1 Pa So, Al 7.7 7.5 ns 
Rise Time, Fal! Time tt, t- B1 PG SO, Al 3.6 3.5 . : ns 
Propagation Delay tt+, t-- B1 GG So.e5 1.7] 8.2 8.0 | 2.0) 86 
Rise Time, Fall Time tt, t- B1 GG S3.Cy 1.4] 5.2 5.0 5 





ns 
1.2 4 ns 

Propagation Delay tt-, t-+ B1 Ch+4 $3, C, 1.8{ 8.2 8.0} 2.0} 8.7 

Rise Time, Fall Time tt, t- B1 Ca S3,Cy, 0.9] 3.1 3.0} 1.0] 3.2 
Propagation Delay tt+, tt- M F1 2.4} 10.3 3.0} 65] 10 |} 3.0 ns 
Rise Time, Fall Time t+, t- M Fi 1.1 5.1; 1.5] 40; 5.0] 1.5 ns 
Propagation Delay tt-, t-+ S1 Fl Al, B1 2.51 10.7; 3.0; 6.5 10 3.0} 10.8 ns 
Rise Time, Fall Time t+, t- $1 F 1 Al, B1 1.0} 54; 15] 30} 50] 1.5] 5.4 ns 
Propagation Delay t-+, tt- S1 PG A3,B3 1.7); 83) 20] 60] 80; 2.0! 8.4 ns 
Rise Time, Fall Time t+, t- $1 PG A3, B3 0.8) 5.7] 1.1] 30! 50] 1.1] 5.2 ns 

Propagation Delay tt+-, t-+ $1 Ch+4 A3, B3 9.3|} 20) 60! 90; 20] 99 ns 
Rise Time, Fall Time t+, t- $1 CH+4 A3, B3 5.3 1.1 3.0 5.0 1.0} 5.2 ns 
Propagation Delay tt+-, t-+ $1 GG A3, B3 1.5} 96] 20; 60] 90] 19| 9.7 ns 
Rise Time, Fall Time tt, t- $1 GG A3,B3 0.8/ 6.2] 08; 30] 60] 08] 6.5 ns 
T Logic high level (+1.11 Vdc) applied to pins listed. All other *L Suffix Only 


input pins are left floating or tied to +0.31 Vdc. 
Vec1 = Vcec2 = +2.0 Vdc, Veg = -3.2 Vde 
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(AA) MOTOROLA 


MC10182 


2-BIT ARITHMETIC LOGIC 
UNIT/FUNCTION GENERATOR 


The MC10182 is a high-speed arithmetic logic unit capable of 
performing 4 logic operations and 4 arithmetic operations on two MECL wh > 


2-bit words. Full internal carry is incorporated for arithmetic 


operation. 
Arithmetic logic operations are selected by applying the appro- 2-BIT ARITHMETIC LOGIC 
priate binary word to the select inputs (SO and S1) as indicated UNIT/FUNCTION GENERATOR 


in the tables of arithmetic/logic functions. Group carry propagate 
(PG) and carry generate (GG) are provided for a second order look 
ahead carry using the MC10179. The internal carry is enabled by 
applying a low level voltage to the mode control input (M). 

The MC10182 provides an alternate to the MC10181 four-bit 
ALU for applications not requiring the extended functions of the 
MC10181 or for applications requiring a 16-pin package. The P SUFFIX 
MC10182 also differs from the MC10181 in that Word A and Word PLASTIC PACKAGE 
B are treated equally for addition and subtraction (A plus B, A CASE 648 
minus B, B minus A). 


Pp = 575 mW typ/pkg (No Load) 
tog (typ): Alto F = 7.5 ns 








Cy toCy,2 = 2.7 ns 
Alto Pg = 6.5ns 
Alto GG = 5.5 ns 
Al toCy,2 = 7.0 ns 1 LSUEFIX 
tr, t# = 2.5 ns typ (20%~-80%) CERAMIC PACKAGE 


CASE 620 





LOGIC DIAGRAM 


PIN ASSIGNMENT 


POSITIVE LOGIC 


Function Select | Logic Function| Arithmetic Operation 
M is High M is Low 
F 


F = Aplus B plus Carry 
F = A plus B plus Carry 
F = Aplus B plus Carry 
F = Atimes 2 


$1 So 


F 
© 
© 
e 
+ 


nmaA Ta” 
ow wd 
bP >yD> 
ee] 
woo 
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O Cnh+2 





TRUTH TABLE 


Input 


A1B1 AO BO C,|F1 FO Pg Gg Ch+2|/F1 FO Pg GG Cai2/F1 FO PG Gg Cy+2/F1 FO Pg Gg Cn+2/F1 FO Pg GG Cp+a}F1 FO Pg Gg C,45/F1 FO PG Go Cy+2/F1 FO PG Go Cayo 





L 
L 





tL be tb Lye LHL 
tL LLL HJL H HEL 
LL LCL H LIE HHL 





L 
L 








L & t& H HIJH LHL 
LL HL LIL H HEL 
L L H & HYH LE HEL 
L tL H AH LYH LC HEL 





L 
L 
L 








L 
L 
L 











L kL H H HJH H HL 





L He LCL LIJH LC HEL 
L H LE LCL HJH HHL 








L H LH LYH H LH 


MC10182 


H 
L 
H 
H 
H 




















L H L H HILL LC LH 
tL H H LC LYH H LH 
L H H L Hit LC LH 
L H H H LIL L HH 
L H H H H]|L H H H 
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L 
L 
L 





Ht L LE LYH L HE’ 
HL LE L HiH H HEL 
H tL LH LIH H LH 
H LE L H H{L LL H 










H 
L 
H 
H 
H 






















H tL H tL LIH H LH 
H tL H L HJ t tL H 
H tL HH LiL LH H 











H L H H H{]tL H H H 


H 
H 





H HLL LYELL H H 
H HLL HiIJL H H H 





H 










H H L H L}L H H H 
H H L H H{H L H H 
H H HL LiL H HH 
H H H & H{|H L H H 
H H H H L{H L H H 


H 
H 












H 
H 





H 















H H H H HJ H H H H 


These outputs are not normally used during logic Operation. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 










TEST VOLTAGE VALUES 
Volts 



























- : eee 7 ‘ F @ Test 

lished. The circuit is in a test socket or mounted ona printed circuit board Toninerstare 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 30°C 
are terminated through a 50-ohm resistor to — 2.0 volts. +25°C 





ei MC10182 Test Limits VOLTAGE APPLIED TO 

Characteristic Symbol| Test_| Min | Max | Min | Typ | Max | Min _| VEE } Gnd 
Power Supply Oreincurent | te | 8 | - | w2 | - | no | ve] - | 162 [mace] — 
220 
390 
290 
350 
| 03 | 


Input Current tinH 220 uAdc 7 
390 5 
290 6 
350 13 
pos | - | os | - f K- P= uade | | 
Logic ‘‘1’’ Output Voltage VOH -0.890 | -0.960 -0.810 | -0.890 | -0.700 Vde 5,6,11 
12,13 
| 


-1.080 -0.980 ~0.910 Vde 6,7,9 
5,10,13 

7,9,10 

9,10 

6,7,9 





















Logic ‘‘0’’ Output Voltage 













Logic ‘'1'’ Threshold Voltage 


—_ —-= = = 










ananou 
<—. 
—- 
ay 
- oO 























14 
15 
Logic ‘’0’’ Threshold Voltage VOLA 2 -1.655 -1.630 -1.595 Vde 5 8} 1,16 
3 6 
4 | 5 
14 5 
15 y 5 
Switching Times 
8 


(50 2 Load) 
Propagation Delay 


342+ 
t43+4- 
t5+4- 
t6-4- 
12-14+ 
11-14- 
t5+2+ 
142-2- 
tg-2- 
1142+ 
t5-15- 
16+15+ 
t5+3- 
t6-3+ 
74+ 
140-4- 


1,16 








fPPAN 


















-_ = 
b+ 










NN NM NH 








a 
oo 










fPhwWwWW 











Rise Time 
(20% to 80%) 
Fall Time 
(20% to 80%) 








(MA) MOTOROLA MC10186 


MECL 10h senes 


HEX “D’’ MASTER-SLAVE 
FLIP-FLOP/WITH RESET 


The MC10186 contains six high-speed, master slave type “D”’ 
flip-flops. Clocking is common to all six flip-flops. Data is entered 
into the master when the clock is low. Master to slave data transfer 
takes place on the positive-going Clock transition. Thus, outputs 
may change only on a positive-going Clock transition. A change 
in the information present at the data (D) input will not affect the 
output information any other time due to the master-slave con- 
struction of this device. Acommon Reset is included in this circuit. 
Reset only functions when clock is low. 


HEX “D’” MASTER-SLAVE 
FLIP-FLOP/WITH RESET 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 460 mW typ/pkg (No Load) 
ftoggle = 150 MHz (typ) 
tr te = 2.0 ns typ (20%-80%) 
r, 4 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


15 QO5 
Clock 9 


CLOCKED TRUTH TABLE 
Reset 1 


¢@ = Don’t Care 
*A clock H is a clock transition 
from a low to a high state. 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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Logic “0” -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 | Vdc 

: ne Voltage 1 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615 | Vdc 
-T Logic ” VOHA -1.080 -0.980 -0.910 8 
ere Voltage ra -1.080 -0.980 -0.910 ve 8 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 






TEST VOLTAGE VALUES 

















shown for only one data input, the clock input, and the reset input, and for  @ Test 

one output. Other inputs and outputs tested in the same manner. Temperature 
in a 

-30°C| -0.890 | -1.890 -1.205 Tts00 oz] 

+25°C | -1.810 1.890 | ast | -1475 | 6.2 | 

+85°C 1.035 [1440 [5.2 





MC10186 Test Limits ‘ 
= ™ = TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 
rie (Vec) 
eae Test ee ee ee ee Unit amin Yemen Yes ae 




















Characteristic 





Power | Power Supply Drain Current | Drain Current | mAdc | 
Input cow Spey ee te — ae 2 a 
9 1 310 
aa = Bees 
Input | Input Leakage Current | | Input Leakage Current | ie eee 





Logic “1” ae = 890 | -0. ee -0. ae ioe 890 | -0. es 8) 
Output Voltage i: -1. a -0.890 | -0.960 -0.810 | -0.890 | -0.700 16 










fone” ‘O"’ VOLA -1.655 -1.630 ~1.595 
Threshold Voltage = -1.655 -1.630 -1.595 : 
“reel EE 








Switching Times 
Propagation Delay . 
{50 2 Load) 







Rise Time (20 to 80%) 
Fall Time (20 to 80%) 


Hold Time 






pp 
ek 


125 


VIH 
tOutput level to be measured after a clock pulse. Vib a as appears at clock input (pin 9). 


—_ ot. = 
oo fo) 
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(MA) MOTOROLA MC10188 


MECL 10h senes 


HEX BUFFER WITH ENABLE 


HEX BUFFER 


The MC10188 is a high-speed hex buffer with a common Enable WITH ENABLE 


input. When Enable is in the high state, all outputs are in the low 
state. When Enable is in the low state, the outputs take the same 
state as the inputs. 


Power Dissipation = 180 mW typ/pkg (No Load) 
Propagation Delay = 2.0 ns typ (B - Q) 


L SUFFIX 
2.5 ns typ (A - Q) 


CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
203 CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Xx 
9 i Out 
ov a) 7 2 


12 


TRUTH TABLE Common 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the 
dc specifications shown in the test table, after thermal equi- 
librium has been established. The circuit is in a test socket or 














TEST VOLTAGE VALUES 



















mounted on a printed circuit board and transverse air flow greater 3 a @ Test (Volts) 

than 500 linear fpm is maintained. Outputs are terminated Temperature [Wis Wis Yan [Yaa [ae 
through a 50-ohm resistor to -2.0 volts. Test procedures are -30°C 
aN Cia set of conditions. Complete testing according to 425°C 















Characteristic 


ae Limits 
ae eT ee ee _ TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
Symbol | Test Unit | Vitmax ViHAmin | ViLAmax 












Switching Times 
(50 2 Load) 
Propagation Delay 









Enable 
Data 








Rise Time, Fall Time 
(20% to 80%) 


apt 
9 
5 
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(A) MOTOROLA 


HEX INVERTER WITH ENABLE 


The MC10189 provides a high-speed Hex Inverter with a com- 
mon Enabie input. The hex inverting function is provided when 
Enable is in the low state. When Enable is in the high state all 
outputs are low. 


Pp = 200 mW typ/pkg (No Load) 
tod = 2.0 ns typ (B- Q) 
2.5 ns typ (A — Q) 


LOGIC DIAGRAM 


TRUTH TABLE 





3-155 


MC10189 


MECL 10h series 


HEX INVERTER WITH ENABLE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


9 {|_| Common 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the 
dc specifications shown in the test table, after thermal equi- 
librium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater 


-than 500 linear fpm is maintained. Outputs are terminated 


through a 50-ohm resistor to -2.0 volts. Test procedures are 
shown for one set of conditions. Complete testing according to 


truth table. 
coe | 30°C 
Test 





















Characteristic 


Power Supply Drain 
Current 


Input Current 







Logic “1” VOH 
Output Voltage 


Logic 1" VOHA 
Threshold Voltage 

Logic “‘0"’ VOLA 
Threshold Voltage 


Switching Times 
(50 © Load) 
Propagation Delay ; 
Enable 
Data 
Rise Time, Fall Time ' 
(20% to 80%) 


- HE 
















Test Limits 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW 


| Min | Max | Min | Max | Min | Max 
pit} [t= tet-[* | 
ee ee ee 

a ee Ee 


Logic ‘0’ 
Output Voltage 1.890 -1.675 -1.650 -1.825 -1.615 
-0.980 [— [onl — 


E aleaa 


1 
3.7 














TEST VOLTAGE VALUES 





















@ Test (Volts) 
-30°C | -0.890 | -1.890 | -1.205 reer 
+85°C | -0.700 | -1.825 | -1.035 Traao | 32 | 






Vitmax ViHAmin | ViLAmax 







INGnnns 


1.1 
.O 
1.1 





3.9 
3.3 
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(AA) MOTOROLA 


QUAD MST TO MECL 10,000 
TRANSLATOR 


The MC101090 is a quad translator for interfacing from IBM 
MST-type logic signals to standard MECL 10,000 logic levels. This 
circuit features differential inputs for high noise environments or 
may be used with single ended lines by tieing one of the inputs 
to ground. Since the MC10190 is designed to accept signals cen- 
tered around ground, it is a useful interface element for many 
communication systems. When pin 9 is connected to Vcc the 
circuit becomes a line receiver for MECL signals. The outputs go 
to a low level whenever the inputs are left floating. 


Pp = 215 mW typ/pkg (No Load) 
tod = 2.5 ns typ | 
tr, te = 2.0 ns typ (20%-80%) 


LOGIC DIAGRAM 


Vcec1 = Pin1 

Vcc2 = Pin 16 
Vege = Pin 8 
Vss = Pin 9 Translator 
Vcc = Pin 9 Receiver 
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MECL 110i series 


QUAD MST TO MECL 10,000 
TRANSLATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 


CASE 648 16 
1 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Vcc2 
Dout 


Cout 


Din 
Din 
Cin 
Cin 


Vss or Vcc 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and SuIputs: Other inputs and outputs tested 
in the same manner. 





TEST VOLTAGE VALUES , 


(Volts) 




















Teenperstare Viemin 
-30°C Paso feu [rans [neso [oars asa [ao “0850 


MC10190 Test Limits 


Pin 
Under{___=30°C_ +85°C 
Symbo!} 








TEST VOLTAGE APPLIED TO PINS LISTED BELOW: (Vee) 
cc 


ViLAmax| Vinm* | Vitm* Vird* | Vine* | Virw* Gnd 
Tope pL 


Vitimax| Vitmin} VitAmin 


| 8 | 52 a ee 57,11,13 
4 f- [18 | = | -] 10 | 
2 |-1.060 | -0.890| -0.960 


Test | Min |_Min | tye Max | 
ee 






Characteristic 


7 


nN] or 
EER 
>> > 
ajaa 
a 10 4 


-0.890 | -0.700 | Vdc 

~0.810 | -0.890 | -0.700 | Vdc 
Logic ‘‘0’’ Output Voltage -1.890 | -1.675; -1.850 
-1.890 | -1.675} -1.850 


-1.650 | -1.825 | -1.615| vac 
-1.650 | -1.825 | -1.615 | Vde 
Logic 1" Threshold Voltage | Voua| 2 |-1.080] — | -o980] -| —- | 


Legic “0” Threshold Voltage taal Sa -1 | -1.630 | 
Common Mode Rejection Test 

-1 060 -0. 890 | -0. '960 
-1 890 -1 675 -1 850 







-0. [ -0.890 | -0.700 | Vdc 
-0.810 | -0.890 | -0.700 | Vdc 
-1.650 } -1.825 | -1.615 | Vdc 
-1.650 | -1.825 | -1.615 | Vdc 


2.5 3.7 
2.5 3.7 


al 








Switching Times 
(50 ohm load) 
Propagation Delay 















Rise Time 


t2+ 
(2% to 80 ae 


1,5,6,11,1 





Fali Time 
(20% to 80%) 


el a 
p= = 
{2 
es Rae 
ea eae eee 
ees 


Q. 
rs) 





ERIE 





> > 
N N 





*Vss = IBM Supply Voltage. 

ViHM = Input Logic “1” for IBM levels. 

Vit = Input Logic ‘’0” for {BM levels. 

Vin = Input logic ‘1 level shifted positive for common mode rejection tests. 
ViLH = Input logic 0” level shifted positive for common mode rejection tests. 
VIHL = Input logic ‘’1"' level shifted negative for common mode rejection tests. 
VILL = Input logic 0” level shifted negative for common mode rejection tests. 


MC10190 


SWITCHING TIME TEST CIRCUIT 


Vin Vec1= Vec2= +2.0 Vde Vout 


Coax 


Input 







Pulse Generator 


Unused outputs 
connected to a 

14 50-ohm resistor 
to ground. 


+2.0 V (Translator) 


Vcc 


VBp = +0.71 V (Receiver) 


ll 


Vss 
Vcc 


+3.25 V (Translator) wu 6 
+2.0 V (Receiver) ae | 


50-ohm termination to ground lo- 
cated in each scope channel input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TPoyt to output pin. 
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(A) MOTOROLA 


MECL LOK SERIES 


HEX MECL 10,000 TO MST | 
TRANSLATOR HEX MECL 10,000 TO MST 


TRANSLATOR 


The MC10191 is a hex MECL to IBM MST type logic translator. 
A common enable (active low) is provided for gating. Open em- 
itter outputs are provided for gating. Open emitter outputs are 
provided to permit direct transmission line driving. 

The MC10191 is useful for interfacing to both MST-II and 


MST-IV systems. P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


Pp =170 mW typ/pkg (No Load) 
tod = 2.2 ns typ Input to Output 
3.3 ns typ Enable to Output 


1 L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM PIN ASSIGNMENT 


7 
Common 9 


6 


Common 


Vceci = Pin 1 
Vcc2 = Pin 16 
Veg = Pin 8 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Test pro- 
cedures are shown for only one translator. The other translators are tested 
in the same manner. 


@ Test 
Temperature 


-30°C 
+25°C 
+85°C 













; MC10191_ Test Limits 
Pin 

Under 
a ae Pas | | 3 | mace 
P23 | = | | mAae| 
[265 | — | 268 | _uAac| 
ce ec 
Logic 1" Output Voltage +0.548 


Logic '’0’’ Output Voltage 


lg 
Q 
fo) 






Switching Times (50 2 Load) 





Propagation Delay 







Rise Time (20% to 80%) 






Fal! Time (20% to 80%) 















TEST VOLTAGE VALUES 
Volts 


VOLTAGE APPLIED TO PINS LISTED BELOW: 


(Vcc2) 
| Vitimax | Vib min [YiHAmin] VIL Amax VEE Vcec1 Gnd 
ee ee ee ee ee 


= 
= ae RE ee See 
ae ee ee 
8 













ee ae ee 
pe Tes 


fp = | 8 | 
eee ee ae ee 
Pulse Out | -5.2 V +1.25V] +2.0V | 








L6LOLDIN 





SWITCHING TIME TEST CIRCUIT 


Vin Vec1 =+1.25 Vde Vout 


Coax Coax 


41 
Input 
Pulse Generator 
845 
Input Pulse 
tt =t-=2.0+ 0.2 ns 
(20 to 80%) -5.2 Vdc 





Vee = -5.2 Vde 


50-ohm termination to ground lo- 
cated in each scope channel.input. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input 
pin and TPoyt tO Output pin. 
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QUAD BUS DRIVER 


The MC10192 contains four line drivers with complementary 
outputs. Each driver has a Data (D) input and shares an Enable 
(E) input with another driver. The two driver outputs are the un- 
committed collectors of a pair of NPN transistors operating as a 
current switch. Each driver accepts 10K MECL input signals and 
provides a nominal signal swing of 800 mV across a 50 12 load 
at each output collector. Outputs can drive higher values of load 
resistance, provided that the combination of IR drop and load 
return voltage V; R does not cause an output collector to go more 
negative than — 2.4 V with respect to Vcc. To avoid output tran- 
sistor breakdown, the load return voltage should not be more 
positive than +5.5 V with respect to Vcc. When the E input is 
high, both output transistors of a driver are nonconducting. When 
not used, the E inputs, as well as the D inputs, may be left open. 


Open Collector Outputs Drive Terminated Lines or 
Transformers 
50 kQ Input Pulldown Resistors on All Inputs (Unused 
Inputs May Be Left Open) 
Power Dissipation = 575 mW typ/pkg (No Load) 
Propagation Delay = 3.5 ns typ (E — Output) 
3.0 ns typ (D — Output) 


LOGIC DIAGRAM 


D4 
E2 


TRUTH TABLE 


H=HIGH Voltage Level 
L=LOW Voltage Level 
X= Don't Care 


Vec=Pin 16 
VEE=Pin 8 
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MECL 10K sens 


QUAD BUS DRIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 


For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 

























and transverse air flow greater than 500 linear fpm is maintained. Outputs TEST VOLTAGE VALUES 
are terminated through a 50-ohm resistor to ground volts. Test procedures 
zo: ; : (Volts) 
are shown for one set of conditions. Complete testing according to truth @ Test 
table. Temperature eiiee 1 Niemi Vinamin a 












Test Limits 
Pin 
Under | _~30 TEST VOLTAGE APPLIED TO PINS LISTED BELOW (Vcc) 
Characteristic Test ee see ee Viwmax | Virmin | Vinamin | Viamax | Gnd 


Power Supply Drain mAdc 
Current 


Logic “1” 
Output Current High mAdc 






Logic “0” lOL 

Output Current Low +18 18 mAdc 5,6,10,11 
Logic “1” IOHC 

Output Current High mAdc 
Logic “0” lotc 

Output Current Low mAdc 
Logic “0” 

mAdc 


Output Sink Current al 


Load Return Voltage 
Absolute Max Rating 
(Note 1) VLR wy 
Output Voltage Low 
(Note 2) VOLS 


Switching Times 


(50 2 Load) 
Propagation Delay 






NOTE 1 The 5.5 V value is a maximum rating, do not exceed. A 270 OHM resistor will prevent output transistor breakdown. 
NOTE 2 Limitations of load resistor and !oad return voltage combinations. Refer to page 1 description. 






















E to Output 
D to Output 

Rise Time, Fall Time 
(20% to 80%) 
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(AA) MOTOROLA 


MECL 10K senes 


HEX INVERTER/BUFFER 
HEX INVERTER/BUFFER 


The MC10195 is a Hex Buffer Inverter which is built using six 
EXCLUSIVE NOR gates. There is a common input to these gates 
which when placed low or left open allows them to act as in- 
verters. With the common input connected to a high logic level 
the MC10195 is a hex buffer, useful for high fanout clock driving 
and reducing stub lengths on long bus lines. 


L SUFFIX 
CERAMIC PACKAGE 


Pp = 200 mW typ/pkg (No Load) CASE 620 


tod 2.8 ns typ (B—Q) 
tod 3.8 ns typ (A—Q) 


= 2.5 ns typ (20%-80%) P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
207° CASE 775 


DIP 


LOGIC DIAGRAM PIN ASSIGNMENT 


TRUTH TABLE 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 





TEST VOLTAGE VALUES 


Volts 



















@ Test 






















Characteristic 


MC 10195 Hl 
Pin > et z TSteinis VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under +25°C a (Vcc) 
aL eae 


feats 

ase seo | =f asa vee [== 
= 
= 






Power Supply Drain Current 










Input Current a 


Logic ‘‘1’° Output Voltage 


Logic ‘‘0’’ Output Voltage 
Logic ‘‘1"’ Threshold Voltage 
Switching Time 
(50 ohm load) 


Te 
VOHA 
VOLA 






oe 
= A Sa OS 































Propagation Delay t5+2- 
t7-4+ 
t10+13+ 
t11-14- 
tg ~14- 
Rise Time to+ 


(20% to 80%) 


Fall Time 
(20% to 80%) 










t2- 
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(AA) MOTOROLA 


MECL itht sens 


HEX “AND” GATE 
HEX “AND” GATE 


The MC10197 provides a high speed hex AND function with 
strobe capability. 


Pp 200 mW typ/pkg (No Load) 
tod 2.8 ns typ (B-Q) 
tod = 3.8 ns typ (A-Q) : eaenidin 


CERAMIC PACKAGE 
= 2.5 ns typ (20%-80%) i CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
LOGIC DIAGRAM PIN ASSIGNMENT 


TRUTH TABLE 
: Common 
Py 
Hs 
ee 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only selected inputs and outputs. Other inputs and outputs tested 
in the same manner. 


@ Test 
Temperature 


-30°C 
+25°C 
+85°C 


= MC10197 Test Limits 

in 

neer 
Symbol! 















Character istic 


pa 265 mMAdc 
290 uAdc 
Le Mn ee 
[-o.8i0 | 0890 | 0760 -| Vac 
F=res0_[-ra%s | -1616 | vee | 
Aaa EE eee 
reso | — [ae [Var | 


Input Current link 425 
460 


Pos | - [os | - | 
[=r 060 [2.806 | -aeeo [= 
a 
eel 
a 


ical soa as pital Voltage 


von 
Logic ''1’’ Threshold Voltage [=t0o [=| 0900 | 
ress | 






Logic ‘’0’’ Threshold Voltage VOLA 


Switching Time 
(50 ohm load) 
Propagation Delay 




















Rise Time 
(20% to 80%) 

Fall Time 

(20% to 80%) 



















TEST | _TESTVOLTASEVALUES _—_ VALUES 


fr tts ee sts—iSY 


[0.700 [-1.825 | ~1.035 [.aa0_[-5.2 


VOLTAGE | VOLTAGE APPLIED TO PINS LISTED BELOW: TO PINS LISTED BELOW: 


(Vcc) 
Gnd 









Pome oncuren fe sa a 


1,16 


Pie 












= 
7) 
aah 
© 
— 
© 
“J 





(AA) MOTOROLA 


MONOSTABLE MULTIVIBRATOR 


The MC10198 is a retriggerable monostable multivibrator. Two 
enable inputs permit triggering on any combination of positive 
or negative edges as shown in the accompanying table. The trig- 
ger input is buffered by Schmitt triggers making it insensitive to 
input rise and fall times. 

The pulse width is controlled by an external capacitor and re- 
sistor. The resistor sets a current which is the linear discharge 
rate of the capacitor. Also, the pulse width can be controlled by 
an external current source or voltage (see applications information). 

For high-speed response with minimum delay, a hi-speed input 
is also provided. This input bypasses the internal Schmitt triggers 
and the output responds within 2 nanoseconds typically. 


MC10198 


MECL 10K sznes 


MONOSTABLE MULTIVIBRATOR 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Output logic and threshold levels are standard MECL 10,000. 
Test conditions are per Table 2. Each “Precondition” referred to 
in Table 2 is per the sequence of Table 1. 





P SUFFIX 
PLASTIC PACKAGE 
CASE 648 
Pp = 415 mW typ/pkg (No Load) 
tod = 4.0 ns typ Trigger Input to Q 
2.0 ns typ Hi-Speed Input to Q FN SUFFIX 
> pce 
Min Timing Pulse Width PWomin 10 ns typ! 20, | CASE 775 
Max Timing Pulse Width PWomax >10 ns typ2 
Min Trigger Pulse Width PWT 2.0 ns typ 
Min Hi-Speed PWHS 3.0 ns typ DIP 
Trigger Pulse Width PIN ASSIGNMENT 
Enable Setup Time tset 1.0 ns typ 
Enable Hold Time thold 1.0 ns typ 


1 Cey¢ = 0 (Pin 4 open), Rey¢ = 0 
(Pin 6 to Veg) 
2 Cext = 10 uF, Rext = 2.7 kO 









LOGIC DIAGRAM 
Vcc 


Width Control, 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 





Rext 
E pos 






External Pulse 
Width Control 


TRUTH TABLE 


INPUT OUTPUT 


Triggers on both positive & negative input slopes 










ENeg 














Trigger 









Input riggers on positive.input slope 
Hi-Speed i 2 Triggers on negative input slope 
Input Q Trigger is disabled 
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MC10198 


TABLE 1 — PRECONDITION SEQUENCE 


Pin 4 Voltage (Vdc) 





1. Att=0 a.) Apply Viqmax to Pin 5 and 10. 


b.) Apply Vi_min to Pin 15. 
c.) Ground Pin 4. 


2. Att=10ns_ a.) Open Pin 1. 


b.) Apply —3.0 Vdc to Pin 4. 
Hold these conditions for 
210 ns. 


3. Return Pin 4 to Ground and perform test as 


indicated in Table 2. 


TABLE 2 — CONDITIONS FOR TESTING OUTPUT LEVELS 
(See Table 1 for Precondition Sequence) 


ee ™ 
VIL min 


PI 


— VILA max 


= ig ee 


Pins 1, 16 = Vcc = Ground 


Pins 6, 8 


























| 5 | wo | as | 


Test P.U.T. 


Precondition 























VOH 2 

VOH 3 

Precondition 

VoL 3 

VoL 2 

Precondition 

VOHA 2 

VOHA 3 

Precondition 

VOHA 2 

VOHA 3 

Precondition 

VOHA 2 

VOHA 3 

Precondition 

VOHA 2 VIH max 
VOHA 3 VIH max 
Precondition | 
VOHA 2 VIH max 
VOHA 3 





VIH max 


= Veg = 5.2 Vde 
Outputs loaded 50 2 to — 2.0 Vdc 


3-170 


VIL min 


VIL min 


P3 





| Pin Conditions | 
Test puT.| 5 | to | 13 | 


Precondition 
VOHA 2 
VOHA 3 
Precondition 
VOLA 3 
VOLA 2 
Precondition 
VOLA 2 
VOLA 3 
Precondition 
VOLA 3 
VOLA 2 
Precondition 
VOLA 3 
VOLA 2 
Precondition 
VOLA 3 
VOLA 2 
Precondition 
VoOLA 3 
VOLA 2 



































VIH max 
VIH max 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 

cations shown in the test table, after thermal equilibrium has been estab- 

lished. The circuit is in a test socket or mounted on a printed circuit board 

and transverse air flow greater than 500 linear fpm is maintained. Outputs TEST VOLTAGE VALUES 

are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are @Test Volts 

shown for only selected inputs and outputs. Other inputs and outputs tested Temperature ViHAmin 
in the same manner. -30°C = 1.205 
7 +25°c|_-0.810 | -1.850 | 1.105 
+85°c] -0.700 | -1.825 | -1.035 


-1.500 -5.2 
-1.475 -5.2 
-1.440 -5.2 
Pj MC 10198 TEST LIMITS ; 
Gader -30°C VOLTAGE APPLIED TO PINS LISTED BELOW: (Vee) 
Characteristic Symbol | Test | Min | | Max | ViHAmin ViLAmax VEE Gnd 














ViLAmax VEE 















Minimum Timing Pulse 
Width 

Maximum Timing Pulse 
Width 

Minimum Trigger Pulse 
Width 

Minimum Hi-Speed Trigger 
Pulse Width 


7 
| Max | Min | Typ | | Min | Max_| [Vitamin | Vitamax | 

Power Supply Drain 

Current IE 110 100 110 jmAdc 1,4,16 
Input Current 5.10 415 260 260 | “Adc] 5,10 - 1,4,16 

13 350 220 220 13 - 
15 560 350 350 15 - 
ink 5 0.5 —_ : — : _ uAdc = 

Logic “1” VOH 2 -1.060 | -0.890 | -0.960 -0.810 | -0.890 | -0.700| Vdc ® 1,4,16 

Output Voltage a -1.060 | 9.890 | -c.960 -0.810 | -0.890 | -0.700] Vdc 13 1,4,16 
Logic *‘0” VOL 2 ~1.890 | -1.675 | -1.850 -1.650 |] -1.825 | -1.615] Vdc °@ 1,4,16 

Output Voltage 3 -1.890 | -1.675 | -1.850 -1.650 | -1.825 | -1.615] Vdc - 1.4,16 
Logic ‘1°’ VOHA 2 -1.080 -0.980 -0.910 Vde = 15 68 1,16,4 

Threshold Voltage 3 -1.080 -0.980 -0.910 Vde 15 - 6,8 1,164 
Logic ‘’0” VOLA 2 -1.655 -1.630 -1.595] Vdc 15 ~ 6,8 1,16,4 

Threshold Voltage 3 -1.655 -1.630 -1.595] Vdc - 15 6.8 TAea 
Switching Times 1 1.11Vde | | PulseIn | Pulse Out } -3.2Vdcj+2.0 Vdc 
Trigger Input 13 6.8 1,164 

13 

Hi-Speed Trigger !nput 15 


Rise Time (20% to 80%) 
Fall Time (20% to 80%) 
Enable Setup Time 
Enable Hold Time 


wW Ww w » @© & fl 


5 
1.11Vdc 
13 
15 
5 
5 





Notes: Q) The monostable ts in the timing mode at the time of this test. 
@) Cext = 0 (Pin 4 open) 
Rexry = 0 (Pin 6 tied to Veg) 
CextT 7 10uF (Pin 4) 
Rexy > 2.7k (Pin 6) 
® yey 
Vit 


PI 
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MC10198 





SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


Vin Veci = Voc2= +2.0 Vde Vout 








Coax , Coax 
ae eat > 6 
= 
—_ EPos | 
| | 
7 | External Pulse | 3 
Input ti 7 Width Control Q 
10 oa | : . 
Pulse Generator | ENeg | A TPout 
$1.11 V aes a = | | 
0.1 nF 4 are ia Input 
— 15 | | 
es ———| Hi-Speed Input | 
Input Pulse | | 
| 
1 ra Ss 2.0 + 0.2 ns | | 
(20 to 80%) r 
6 2 
4 | 


i) 
m 
x 
ee. 
PQ! 


50-ohm termination to ground lo- = 


cated in each scope channei input. Unused outputs are tied to a 50- 


ohm resistor to ground. 


All input and output cables to the 
scope are equal lengths of 50-ohm 
coaxial cable. Wire length should VEE = -3.2 Vde 
be < 1/4 inch from TPjp to input 

pin and TPoy¢ to output pin. 





50% 
EPos 
tsetup (E) 
Trigger Input 





50% 


tT+O+ THold(E) 
PWo 
High-Speed 
Trigger Input 
PWus 


tHS+Q+ 


PWao 
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MC10198 


APPLICATIONS INFORMATION 


CIRCUIT OPERATION: 


1. 


PULSE WIDTH TIMING — The pulse width is deter- 
mined by the external resistor and capacitor. The 
MC10198 also has an internal resistor (nominally 284 
ohms) that can be used in series with Reyt. Pin 7, the 
external pulse width control, is a constant voltage 
node (— 3.60 V nominally). A resistance connected in 
series from this node to Veg sets a constant timing 
current ly. This current determines the discharge rate 
of the capacitor: 


AV 
ly = CEext AT 


where 


AT = pulse width 
AV = 1.9 V change in capacitor voltage 


Then: 


1.9V 





If RExt + Rint are in series to Veg: 


It = [(—3.60 V) — (—5.2 V)] + [Rey + 284 9) 
It = 1.6 VAREyt + 284) 


The timing equation becomes: 





AT = [(Ceye)(1.9 V)] + [1.6 V(REx¢ + 284)] 
AT = Ceye (RExt + 284) 1.19 


where AT = Sec 
RExt = Ohms 
Ceyt = Farads 


FIGURE 1 — 


MC10198 


-3.60 V External 
Pulse Width Control 


Veg =-5.2V 


RECOVERY TIME 
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PULSE WIDTH (us) 





Figure 2 shows typical curves for pulse width versus 
CeExt and Rey¢ (total resistance includes Rint). Any low 
leakage capacitor can be used and Reyt can vary from 
0 to 16 k-ohms. 


. TRIGGERING — The Epgg and ENeg inputs control the 


trigger input. The MC10198 can be programmed to 
trigger on the positive edge, negative edge, or both. 
Also, the trigger input can be totally disabled. The 
truth table is shown on the first page of the data sheet. 

The device is totally retriggerable. However, as duty 
cycle approaches 100%, pulse width jitter can occur 
due to the recovery time of the circuit. Recovery time 
is basically dependent on capacitance Ce yt. Figure 3 
shows typical recovery time versus capacitance at I7 
= 5mA. 
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1000 pF 0.01 2F 0.1 uF 


Cexr — TIMING CAPACITANCE 





























































































































































































































FIGURE 3 — RECOVERY TIME versus Ce,¢ @ It = 5mA 
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Cext — TIMING CAPACITANCE 





MC10198 | | 


3. HI-SPEED INPUT — This input is used for stretching FIGURE 5 — PULSE WIDTH versus It @ Cet = 13 pF 
very narrow pulses with minimum delay between the 1%» ———7}— 747, 47} 4] 7) 4] on 
output pulse and the trigger pulse. The trigger input |} J en a a ee On Ge EL 

_ should be disabled when using the high-speed input. SRS ee eae 
The MC10198 triggers on the rising edge, using this ee 
input, and input pulse width should narrow, typically 

less than 10 nanoseconds. 
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USAGE RULES: . 

1. Capacitor lead lengths should be kept very short to 
minimize ringing due to fast recovery rise times. 

2. The E inputs should not be tied to ground to establish 
a high logic level. A resistor divider or diode can be 
used to establish a —0.7 to —0.9 voltage level. . 

3. For optimum temperature stability; 0.5 mA is the best 
timing current I7. The device is designed to have a 


constant voltage at the EXTERNAL PULSE WIDTH Le Leh dele Sey We eho lS 
CONTROL over temperature at this current value. sa 


PULSE WIDTH (ns) 


Yaodlieo ioe et ede Shale 
by aan See a) (ie, RE, TO a GS (ea Ds Te 


eae 





decease (Roem (eas (PRE (EE ad SE ees Perea seas OO CH 





4. Pulse Width modulation can be attained with the °"'™ Pe ae aE oe 

EXTERNAL PULSE WIDTH CONTROL. The timing cur- 

rent can be altered to vary the pulse width. Two (b) A control voltage can also be used to vary the 

schemes are: pulse width using an additional resistor (Figure 

_ (a) The internal resistor is not used. A dependent 6). The current (It + Ic) is set by the voltage 
current source is used to set the timing current drop across Rint + REx¢. The control current IC 
as shown in Figure 4. A graph of pulse width modifies I7 and alters the pulse width. Current 
versus timing current (Cex, = 13 pF) is shown _ Ie should never force I7 to zero. Rc typically 
in Figure 5. 7 , 1 kQ. - 


FIGURE 4 — FIGURE 6 — 


MC10198 
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MC10198 


5. The MC10198 can be made non-retriggerable. The Q 
output is fed back to disable the trigger input during 
the triggered state (Logic Diagram). Figure 7 shows 
a positive triggered configuration; a similar configu- 
ration can be made for negative triggering. 


FIGURE 7 — 















External Pulse 
Width Control 


ENeg 


Trigger 
Input 


Hi-Speed 
Input 
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(MA) MOTOROLA 


MECL Leh SERIES 


DUAL 3-INPUT 3-OUTPUT 


“OR” GATE DUAL 3-INPUT 3-OUTPUT 


“OR” GATE 

The MC10210 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire ‘‘OR” -ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10210 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 160 mW typ/pkg (No Loads) 
tod = 1.5 ns typ (All Output Loaded) 
tr, t¢ = 1.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Vcc = Pin 1, 15 
Vcc2 = Pin 16 
VEE = Pin8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gate is tested in the same manner. 











Characteristic 


Power Supply Drain Current be eee | ae 
VOHA 


padees 
| 0s | 
-0.960 
-0.960 
-0.960 


| 650 
ected 
-0.890 








-1.060 
-1.060 
-1.060 


Logic “1” 
Output Voltage 
















Logic ‘’0" 
Output Voltage 











Logic ‘’1”’ 
Threshold Voitage 









Logic ‘‘0”’ 
Threshold Voltage 







Switching Times 
(50-ohm load) 


Propagation Delay 









Rise Time 
(20 to 80%) 











Fali Time 
(20 to 80%) 






*Individually test each input using the pin connections shown. 






= = MC10210 Test Limits 

Under 
symbot_| Test | Min [| Max | Min | Typ | Max | Min | Max | Unit 
ae ae ee a ee a es 


@ Test 
Temperature 


-30°C 
+25°C 
+85°C 










TEST VOLTAGE VALUES 
(Voits) 




















(Vcc) 
VEE Gnd 






VIHA min 







OLZOLOIW 









PWH BWH BRWWNHN 





(AA) MOTOROLA 


MECL iQh sens 


DUAL 3-INPUT 3-OUTPUT 


“NOR” GATE DUAL 3-INPUT 3-OUTPUT 


“NOR” GATE 


The MC10211 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allowthe - 
wire ‘‘OR’’-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10211 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 160 mW typ/pkg (No Loads) | 
tod = 1.5 ns typ (All Output Loaded) 
tr, te = 1.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 


LOGIC DIAGRAM PIN ASSIGNMENT 


Vcci = Pin 1, 15 
Vcc2 = Pin 16 
VEE = Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are 
shown for only one gate. The other gate is tested in the same manner. 





MC10211 Test Limits 


@ Test 
“Temperature 


-30°C 
+25°C 
+85°C 














Characteristic Symbol Min 


Power Supply Drain Current ae ee 





+85°C 















TEST VOLTAGE VALUES 
(Volts) 





















VIHA min | VILA max VEE 


-0.890 | -1.890 -1,500 -5.2 
-0.810 | -1.850 -1,105 -1.475 
-0.700 | -1.825 -1.035 -1.440 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


ViH max | Vit min | ViHAmin | VILA max 











| 








LAdc 


| 
i 





Input Current 5,6,7 - 
Logic ‘'1" VOH 
Output Voltage 
Logic “‘0" VOL 
Output Voltage 


Logic ‘’1" 
Threshold Voltage 






















uAdc 


Vdc 
Vdc 






| 
NOOO 















Logic ‘‘0” 
Threshold Voltage 


PWNIAPWNIRONI AB WNDH 









“NO O1 
| 








Switching Times 
(50-ohm load) 


Propagation Delay 





















Rise Time 
(20 to 80%) 














Fal! Time 
(20 to 80%) 








BWNY PWN PRPWWNHND 


*tndividually test each input using the pin connections shown. 










Pulse In Pulse Out 
5 














BWNH PWNH HhBRWWNHN 
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(AA) MOTOROLA 


MECL iGhi sens 


HIGH SPEED DUAL 3-INPUT 


3-OUTPUT OR/NOR GATE HIGH SPEED DUAL 3-INPUT 


3-OUTPUT OR/NOR GATE 


The MC10212 is designed to drive up to six transmission lines 
simultaneously. The multiple outputs of this device also allow the 
wire “‘OR"-ing of several levels of gating for minimization of gate 
and package count. 

The ability to control three parallel lines with minimum prop- 
agation delay from a single point makes the MC10212 particularly 
useful in clock distribution applications where minimum clock 
skew is desired. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Pp = 160 mW typ/pkg (No Load) 
tpd = 1.5 ns typ (All Outputs Loaded) 
tr, tf = 1.5 ns typ (20%-80%) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
20+ CASE 775 


DIP 
PIN ASSIGNMENT 


LOGIC DIAGRAM 


Vcc1=Pins 1, 15 
Vcc2=Pin 16 
VeE=Pin 8 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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_ terminated through a 50-ohm resistor to —2.0 volts. Test procedures are 


ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cation shown in the test table, after thermal equilibrium has been established. 
The circuit is in a test socket or mounted on a printed circuit board and 
transverse air flow greater than 500 linear fpm is maintained. Outputs are 












TEST VOLTAGE VALUES 
(Volts) 











shown for only one gate. The other gate is tested in the same manner. 








@ Test 
-s0°¢ [~-0890 | -1890 | -1205 | -1500 | -52 





















pj MC 10212 Test Limits 
in 
Under +8 
Symbol 








(Vcc) 
Characteristic Test VEE Gnd 
Power Supply Drain Current 1,15,16 






1,15,16 


1 








[| Max | Min | 
fer a ee 
ie ac 


Input Current 5,6,7 








Logic ‘‘1"’ VOH -0.890 
Output Voltage -0.890 
-0.890 






Logic ‘‘0’’ 
Output Voltage 





Logic 1” 
Threshold Voitage 














Logic ‘'0" 
Threshold Voltage 





Switching Times 
(50-ohm load) 


Propagation Delay 


+2.0 Vv 


| 


1.0 2.6 1.0 





Rise Time 
(20 to 80%) 






Fall Time 
(20 to 80%) 





SBWNH BWN HARWWNHN 


*Individually test each input using the pin connections shown. 
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| (A) MOTOROLA 


HIGH SPEED TRIPLE 
LINE RECEIVER 


The MC10216 is a high speed triple differential amplifier de- 
signed for use in sensing differential signals over long lines. The 
base bias supply (Vgp) is made available at pin 11 to make the 
device useful as a Schmitt trigger, or in other applications where 
a stable reference voltage is necessary. 

Active current sources provide the MC10216 with excellent com- 
mon mode noise rejection. If any amplifier in a package is not 
used, one input of that amplifier must be connected to Vgp (pin 
11) to prevent upsetting the current source bias network. 

Complementary outputs are provided to allow driving twisted 
pair lines, to enable cascading of several amplifiers in a chain, or 
simply to provide complement outputs of the input logic function. 


<) Pp = 100 mW typ/pkg (No Load) 
: tod = 1.8 ns typ (Single ended) 
1.5 ns typ (Differential) 
tr, te = 1.5 ns typ (20%-80%) 


LOGIC DIAGRAM 


15 
ea 11 


Vcec1 = Pin 1 
VcC2 = Pin 16 
VEE = Pin8 


*VBB to be used to supply bias to the MC10216 only and bypassed (when used) with 
0.01 uF to 0.1 «uF capacitor. 


When the input pin with bubble goes positive, it’s respective output pin with bubble 
goes positive. 
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MECL 104 series 


HIGH SPEED TRIPLE 
LINE RECEIVER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


FN SUFFIX 
PLCC 
204 CASE 775 


DIP 
PIN ASSIGNMENT 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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High Threshold Voltage VOHA 





ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table, after thermal equilibrium has been estab- 
lished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor to —2.0 volts. Test procedures are 
shown for only one gate. The other gates are tested in the same manner. 


+25°C 
Typ 
2 





Pin 5 
Under ~30°C 
Characteristic Symbol Test 


Tmax [Min 
a | - 
[ie | 


-1.060 | -0.890 | -0.960 
-1.060 | -0.890 | -0.960 
-1.890 | -1.675 | -1.850 
-1.890 | -1.675 | -1.850 


— 
= 


ax 
5 
0 
0 
-0.810 
~0.810 
- 1.650 
- 1.650 
= - 1.630 
- - 1.630 


-1.420 | -1.280 | -1.350 = - 1.230 


1.0 2.6 1.0 1.8* 2.5 
1.5 


*Delay is 1.5 ns when inputs are driven differentially 
Detay is 1.8 ns when inputs are driven single ended 


Power Supply Drain Current 0 
1 
1 


Input Current 
'CBO 


High Output Voltage 
Low Output Voltage 
B 








Low Threshold Voltage 


Reference Voitage 


Switching Times 
(50-ohm Load) 


Propagation Delay 





Rise Time 
(20% to 80%) 


Fall Time 
(20% to 80%) 


MC10216 Test Limits 





TEST VOLTAGE VALUES 
(Volts) 


@ Test 
Temperature] Vil max | ViL min | VinhAmin | VitA max | VBB 


VEE 
-30°C -0.890 - 1.890 -1.205 ) -1.500 | From 
+25°C | -0.810 - 1.850 -1.105 Pin 
+85°C | -0.700 - 1.825 - 1.035 11 
(Vcc) 


Tene TEST VOLTAGE APPLIED TO PINS BELOW: 
Vee _| Grd 


[ox 
a [mace aaiz | = | - | - snmp es | 18 | 
A 2 


2 

= 9,12 r= = | 5,10,13 8,4 1,16 

= 4,12 = = 5,10,13 8,9 1,16 

-0.890 | -0.700 4 9,12 _ 5,10,13 8 1,16 
-0.890 | -0.700 9,12 4 Se 5,10,13 8 1,16 
-1.825 | -1.615 Vdc 9,12 4 = 5,10,13 8 1,16 
-1.825 | -1.615 Vde 4 9,12 — 5,10,13 8 1,16 
-0.910 Vdc a 9,12 4 5,10,13 8 1,16 
~0.910 Vdc 9,12 = = 5,10,13 8 1,16 
-1.595 Vde - 9,12 5,10,13 8 1,16 

-~1.595 Vde 9,12 = 5,10,13 8 1,16 



















> | 





_— 





= 1.295 Vide es ee ks ec 
~3.2 +2.0 
Vdc Vde 
1.0 ns 4 5,10,13 8 1,16 





WN WN WWNN 
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| (M\) MOTOROLA — - - MC10231 


HIGH SPEED DUAL TYPE D MECL ish series 


MASTER-SLAVE FLIP-FLOP 


The MC10231 is a dual master-slave type D flip-flop. Asynchro- 
nous Set (S) and Reset (R) override Clock (Cc) and Clock Enable 
(CE) inputs. Each flip-flop may be clocked separately by holding 
the common clock in the low state and using the enable inputs © 
for the clocking function. If the common clock is to be used to 
clock the flip-flop, the Clock Enable inputs must be in the low 
state. In this case, the enable inputs perform the function of con- 
trolling the common clock. 

The output states of the flip-flop change on the positive tran- 
sition of the clock. A change in the information present at the data 
(D) input will not affect the output information at any other time 
due to master-slave construction. 


HIGH SPEED DUAL TYPE D 
MASTER-SLAVE FLIP-FLOP 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pp = 270 mW typ/pkg (No Load) 
tod 2 ns typ 

225 MHz typ 

2.0 ns typ (20%-80%) 


FN SUFFIX 
PLCC 
20; CASE 775 


DIP 


LOGIC DIAGRAM PIN ASSIGNMENT 


Ce2 
D2 10 


S2 12 


CLOCK TRUTH TABLE 


¢@ = Don't Care 
C=Ce+Cc. 

A clock H is a clock transition 
from a low to a high state. — 


Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
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ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifi- 
cations shown in the test table after the thermal equilibrium has been es- 
tablished. The circuit is in a test socket or mounted on a printed circuit board 
and transverse air flow greater than 500 linear fpm is maintained. Outputs BES SUBSEA EUES 
are terminated through a 50-ohm resistor to — 2.0 volts. Test procedures are ‘Volts! 


shown for only one input, or for one set of input conditions. Other inputs eae ane 
tested in the same manner. -30°C 


VOLTAGE APPLIED TO PINS LISTED BELOW: 










































Characteristic 


Pj MC10231 Test Limits 
in 
Under 


(Vcc) 


| 1.16 | 


7 TT 


1, 16 


Symbol Test 





Power Supply Drain Current 










Input Current 


—+- 










Input Leakage Current 








uAdc 
uAdc 
~0.810 | -0.890 | -0.700 Vdc 
-0.810 | -0.890 | -0.700 Vde 









Logic ‘'1’ 
Output Voitage 


I 
aa 
= =/ = 
eee fae 
OD} MD 





Logic ‘’0"' 
Output Voltage 






| 
5 
~—_ 
- = 
mm 











Logic ‘1°’ 
Threshold Voltage 

Logic ‘‘0” 

Threshold Voitage 










o | 
- 
= 
a 
nn 












©o | 
-- 
— wd 
= — 
an 







+2.0 Vde 


Out ~3.2 Vde 






Switching Times 
Clock Input 
Propagation Delay 






1,16 






Rise Time (20 to 80%) 


Fal! Time (20 to 80%) 


Set Input 
Propagation Delay 























- 1642+ 
%42+15+ 
t5+3+ 
t12+14- 
















Reset Input 
Propagation Delay 










Hold Time 
Toggle Frequency (Max) 


“Individually test each input; apply Vj, min to pin under test. 


nN] nm RWOGN 

isthe oe oe 
—_ 
— 
mo 


EEE 3 
[o>] 


~ — VIH max 
TOutput level to be measured after a clock pulse has been applied to the CE input (pin 6) | | ” 
{L min | 





(AA) MOTOROLA MC10804. 
MC10805 













_ MECL—LSI 
ECL/TTL INVERTING 
BIDIRECTIONAL | 
TRANSCEIVERS WITH LATCH 


BIDIRECTIONAL TRANSCEIVER WITH LATCH 


_ The MC10804 and MC10805 are inverting bidirectional trans- 
ceivers that interface MECL logic levels with TTL logic levels. Data 
can be transferred directly in either direction (MECL > TTL or TTL 
— MECL), and an optional gated latch is also provided. Logic 
levels are inverted during transfers. The MC10804 is a 4-bit version L SUFFIX 
in the 16-pin package, and the MC10805 is a 5-bit version in the CERAMIC PACKAGE 
20-pin package. . CASE 620 
They make it possible to easily interface to MOS memories, TTL MC10804 
compatible peripherals, or existing TTL subsystems. 


@ Bidirectional Translation 
@ Power Supplies: +5.0 Volts and —5.2 Volts L SUFFIX 


CERAMIC PACKAGE 
e TTL Three-State Outputs CASE 732 20 
Sink 50 mA MC10805 


Source 5.0 mA 
e@ Standard MECL 50 Ohm Drive Outputs 


e@ Latch — Can Be Bypassed for High Speed MC10804 LOGIC DIAGRAM 





BLOCK DIAGRAM 


ECL 


In/Out Mix 


Clock 11 


ECL/TTL 10 Vcc = Ping 


Bypass 6 Vee =Pin8 
. Gnd = Pins 1, 16 
By pass Disable 7 


Typical Each Bit 


.MC10804 4 Bits 
MC10805 _ 5 Bits 


ECL/TTL Output Latch 
Select Disable By pass 


ECL 5 6 TTL 5 


Clock 7 


ECL/TTL 12 Vcc = Pins 11, 17 
Veg = Pin 10 

Bypass 8 Decode Gnd = Pins 1, 14, 
Disable 9 20 





3-186 


| MC10804 e MC10805 | 


FUNCTIONAL DESCRIPTION 


The MC10804 consists of a function decode section, a 
clock buffer, and four identical bit channels which per- 
form the ECL-TTL translation. Each bit consists of a 
bidirectional ECL port, a bidirectional TTL port, and a 
latch. The MC10805 contains the same circuit blocks, but 
has five instead of four bits translation. 


Three logic pins control the function selection. These 
pins, along with the clock, all operate at standard MECL 
levels. The block diagram and truth table define the func- 
tions. The individual pin descriptions are as follows: 


Output Disable 


The Output Disable, when at Vi, disables both the ECL 
and TTL output buffers. That is, both are forced to high- 
impedance states. When the Output Disable is at Vj} the 
ECL/TTL translation takes place normally, and the 
appropriate output ports enabled by the ECL/TTL select 
are active. Regardless of the state of the Output Disable 
pin, clocked data can be loaded into the latch from the 
selected input port. 


ECL/TTL Select 
The ECL/TTL Select pin controls the direction of data 


transfers. When at Viz, the TTL-to-ECL direction is 
selected. In this case, the TTL output drivers are disabled, 
data is input to the latch from the TTL port, and data is 
output onto the ECL port. When the select pin is at Vi}, 
the ECL-to-TTL direction is selected and the function is 
the reverse of that just described. 


Latch Bypass 


The Latch Bypass select line bypasses the latch circuitry 
for the fast data transfer. When the select line is at Vii, 
the data is directed to both the latch input and the output 
buffer simultaneously. This feature enhances the speed of 
translation because the delay through the latch is by- 
passed. When the Latch Bypass pin is at VjH, the data 
must first go into the latch then be sent to the output 
ports. 


Clock 


The Clock input is common to all latches and controls the 
storage of data. When the Clock is at Vi, the latch is open 
and data ripples through from the D input to the O out- 
put. Data is stored or latched on the Vj,-to-V} transi- 
tion of the Clock input. 


NEGATIVE LOGIC DIAGRAM 


ECL 
1/O 


Clock 


Latch 
By pass 


ECL/TTL 
Select 


Output 
Disable 
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TTL Disable 


Each Bit 


TTL 
1/O 


ECL-TTL 
Buffer 












MC10804 e MC10805 


TRUTH TABLE | 


. SELECT INPUTS 
(ECL LEVELS, H = -0.9 V, L=-1.7 V) FUNCTION 
Output TTL/ECL., Latch Clock Latch (1 TTL 1/0 ECL I/O 
Disable Select Bypass (2) atenite) (H=2.4V, L=0.5 V) a =-0.9V, L=-1.7 V) 
H 


. : oun r 






aa 


Q=ECL nar = Output = a= 7 Input © = 


Ouens = = Input = 
= : 


=H 

ae a a ie 
- : 

= . =H 

= : = ‘ 

oe a 

See Se eee ae ee 

ee ae 

See ae ee enn oe ae 


tl 
cr 










WW 
r 


= 


ie ae eae eee See of 


L Q=ECL oe = Off Input = = 
as ae = ae ee. 


L Q=ECL ee ot __ Input = a . 
Off = 


L. Q=TTL Input=H Input = H | Off 
= ; = L 
i ee See Off Off 


L Q=TTL Input=H Input =H Off 
=L 
NOTES: (1) * Denotes ‘NO CHANGE” (2) Latch transfers data when clock is ‘‘L’’ and stores. data when clock is ‘“‘H”’. 


x 


= 


= 
Ut 
1?) 
a 
Oo 
= 
paras 


MC10804 SETUP AND HOLD TIMES (NANOSECONDS AT 25°C) 


1. ECL 1-4 to Clock 


2. TTL 1-4 to Clock 
3. ECL/TTL Select to Clock 


| 
1. ECL1-4—-TTL1-4_. Latch Bypassed 


2. TTL 1-4 — ECL 1-4 Latch Bypassed 
3. ECL1-4— TTL 1-4 . Via Latch 


7. Output 
Disable 
8. Output 
Disable 


9. ECL/TTL 
Select 


10. ECL/TTL 
Select ECL 1-4 


11. Clock — TTL 1-4 
12. Clock — ECL 1-4 oe 


— TTL 1-4 


~ ECL 1-4 


~ TTL 1-4 
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MC10804 @ MC10805 


MC10805 SETUP AND HOLD TIMES (NANOSECONDS AT 25°C) 


1. ECL 1-5 to Clock 





MC10805 PROPAGATION DELAYS (NANOSECONDS AT 25°C) 


ed ce 
Pam rs— Fcc | taenaypanses [|e 
ra mms—ecis | Weta | id 

















Output 

Disable ~ /TL 1-5 
8. Output 

Disable — ECL 1-5 






ECL/TTL 






Select TTL 1-5 
10. ECL/TTL 
Select ECL 1-5 





11. Clock — TTL 1-5 
12. Clock — ECL 1-5 
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MC10804 RECOMMENDED OPERATING CONDITIONS ELECTRICAL CHARACTERISTICS 


Parameter Value 





Each MECL 10,000 series circuit has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The cir- 
cuit is in a test socket or mounted on a printed circuit board and transverse air 
flow greater than 500 linear fpm is maintained. Outputs are terminated through 
Operating Temperature Ta 0 to +75 a 50-ohm resistor to -2.0 volts. Test procedures are shown for only one input, or 
(Functional) for one set of input conditions. Other inputs tested in the same manner. 





Supply Voltage Vcc +5.0 
VEE —5.2 





“Max Output Drive — ECL 50 © to -2.0 Vdc 
— TTL Vcc = 0.6 V @ 50mA 


Maximum Clock Input 
Rise and Fall Time 
(20% to 80%) @ Test 

° Temperature 


TEST VOLTAGE VALUES 
Volts 























ViHmax | Vitmin | ViHAmin | VitAmax | Vint! Vict | Yoo | Vee 


Minimum Clock 
~0.845 | -1.870 — 1.150 -1.485 +2.0 | +0.8 | +5.00] -5.20 
~1.105 -1.475 +2.0 | +0.8 | +5.00| -5.20 


Pulse Width 0°Cc 
, +25°C 

















-0.810 | -1.850 









































































































TTL High Output Voltage 15 |+2400| — |+2.400} — |+2.400] — | Vde |7,10,11| 2,6 =} = 
TTL Low Output Voltage 15 a +0.500 _ +0.500 — . |+0.500 | Vde | 2, 7,10, 6 
11 
15 — |+0600} — |+0.600}] — | +0600! Vdc | 2,7, 10, 6 
11 





TTL High Threshold VOHAT 15 | +2.400 + 2.400 + 2.400 Vdc 7,10 6,11 2 
Voltage* ** 

TTL Low Threshold VOLAT ' 
Voltage 

TTL Cutoff Leakage IQHZ 
Current : IOLz 

TTL Short Circuit Current Isc 


*_5.0 mA sourced at output Pins 12, 13, 14, 15 
**Requires the following preset: Vij,4 at Pin 7; Vi_ at Pins 6, 10; Viyjz at Pin 15; then clock once (Lf) 
***TTL threshold inputs are the same as Viyq and Vi_T 


ELECTRICAL CHARACTERISTICS +75°C | -0.720 | -1.830] -1.045 | -1.445 | +2.0 | +0.7 | +5.00] -5.20 
MC10804 TEST LIMITS 
Pin o°c +25°C +75°C VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under ; Output 
Characteristic Symbol | Test Min Max Min Max “Min Max Unit | Vittmax | ViLmin ViHAmin | ViLAmax | VIHT | VILT VE Condition 
Negative Power Supply leg 8 — -125 — -125 — -125 | mAdc — = — ee ae 
Drain Current ; ; < 
Positive Power Supply ICcH 9 _ +95 _ +95 — +95 |mAdc| 7,10 | 2,3,4, — a ass © 
Drain Current 5,6 = 
lec 9 os +60 — +60 _ +60 | mAdc ee ee — — = ieee = 
Input Current linH 15 — — — 45 a — |pAde} 15 = ie a == _ 
: 6 = = = 350 = — | wAde 6 = = es = .@ 
2 = = £3 485 = — | pAdc 2 = = = = =z 
eset zee eee eee ee - Ty = |/8 
ECL High Output Voltage | Voy 2  |-1.005} -0.845 | -0.960} -0.810 |{-0.900] -0.720} Vdc 744 6,10 = = 15 S 
ECL Low Output Voltage | VoL 2  |-1.950| -1.660 | -1.950| -1.650 |-1.950} -1.620} Vde | 7,11 | 6,10 —- | - | ey °° 
oO 
ECL High Threshold VOHA 2 4095) = 0980) -—- , 40920) .— Vdc Tt 6 = 10 
Voltage*** 
ECL Low Threshold VOLA 2 — |-1640} — {-1.630{ — |-1.600] Vde | 7,11** | 10 6 = 15 
Voltage : 
ECL Cutoff Voltage 2 — |-1.960} — |-1.960/ — |-1.960] Vdc as 7 an 








+100 | wAdc 2 6,7 
-50 | uAdc 2 6,7 





— 
oa 








L6L-€ 


ELECTRICAL CHARACTERISTICS 


Each MECL 10,000 series circuit has been designed to meet the dc specifications 
shown in the test table, after thermal equilibrium has been established. The cir- 
cuit iS In a test socket or mounted on a printed circuit board and transverse air 
flow greater than 500 linear fpm is maintained. Outputs are terminated through 
Operating Temperature a 50-ohm resistor to -2.0 volts. Test procedures are shown for only one input, or 


MC10805 RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 




























































































(Functional) for one set of input conditions. Other inputs tested in the same manner. 
Max Output Drive — ECL 50 2 to -2.0 Vde 
—TTL Vcc = 0.6 V@ 50 mA 
Maximum Clock Input TEST VOLTAGE VALUES 
nse and Bol Time @ Test Volts 
(20% to 80%) 
a eae Temperature | Vinmax | Vilmin | VIHAmin VILT VEE 
intmum oc 
Pulse Width O°Cc -0.845 | -1.870 | -—1.150 +0.8 | +5.00 |-5.20 
+25°C -0.810 | -1.850 -1.105 +0.8 | +5.00 |-5.20 
ELECTRICAL CHARACTERISTICS +75°C -0.720 | -1.830 |] -1.045 ~5.20 
MC10805 TEST LIMITS 
an o°c +25°C +75°C VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under Output 
Characteristic Symbol | Test Min Max Min Max Min Max | Unit | Vitimax | Vitmin | VidAmin | VitAmax | VIdT | Vitt | Voc | Vee | Gnd | Condition 
Negative Power Supply lee 10 — — — -145 _ — | mAdc — — — — — | — |11,17] 10 [1,14 — = 
Drain Current : 20 ‘@) 
Positive Power Supply ICCH 11,17 +100 — — mAdc 9,12 2, 3, 4, — — — — - S 
Drain Current 5,6,8 1.2] 
lec Ie | — —- | +70 = — | mAdc = 9 = = soy ilies a g 
Input Current lin 19 — — — 45 — — | pAdc 19 — — — — | — = . 
8 = = = 350 = — | pAdc 8 = = = a = = 
2 = = = 485 = — | pAde 2 =: = a a = 5 
Cac. 8 = = 0.5 == = — | pAde — 8 ~ a reas = > 
ECL High Output Voltage | Voy 2 |-1.005] -0.845 |-0.960 | -0.810 |-0.900 | -0.720] Vdc 7,9 8,12 = ae a ik = 4 
ECL Low Output Voltage VOL 2 -1.950} -1.660 | -1.950 | -1.650 |-1.950 | -1.620] Vdc 7,9 8,12 — — 19 — — ol 
ECL High Threshold VOHA 2 -1.025 — -0.980 — -0.920 —_ Vdc 7,9 8 — 12 — 19 — 
Voltage*** 
ECL Low Threshold VOLA 2 — 1-1.640| — |-1.630/ =— |-1.600| vde | 7,9** 12 8 = = 1) 49 - 
Voltage 
ECL Cutoff Voltage VOLz 2 — |-1960} — {-1960} — | -1.960] Vde i 9 mn = =) = 
TTL High Output Voltage VOHT 19 +2.400 — +2.400 — +2.400 — Vde 7,9,12 2,8 — — _— — -24 mA 
TTL Low Output Voltage VOLT1 19 — +0.500 — +0.500 — +0.500 |} Vdc 2, 7,9, 8 — — — — 25 mA 
12 
VoiT2 | 19 — |+0600}] ~ [+0600] ~— |+0.600| Vdc | 2,7,9, 8 = — ae fee 50 mA 
12 
TTL High Threshold VoHat | 19 | +2400] — |+2.400] — |+2400} — Vde | 9,12 7,8 = 2 ee ee -24mA 
Voltage*** 
TTL Low Threshold VOLAT 19 _ +0.500 — +0.500 — +0.500 | Vdc 9,12 7,8 2 — — — 25mA 
Voltage : 
TTL Cutoff Leakage lonz | 19 — | +100 | — | +100 | — | +100 | pAdc 2 8,9 = = 19 | — = 
Current IOLz 19 _ -50 = -50 a -50 | wAdc 2 8,9 _ — — 19 — 
TTL Short Circuit Current Isc 19 — — — 170 — — mAdc | 7,9, 12 2,8 — —_ — — 1, 14, — 
19, 20 





*_5.0 mA sourced at output Pins 13, 15, 16, 18, 19 
**Requires the following preset: Vjyj at Pin 9; Vi_ at Pins 8, 12; Vizy7 at Pin 19; then clock once (Lf) 
***TTL threshold inputs are the same as VjpT and Vi_T 
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FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 
FOR PROPAGATION DELAY FROM MECL INPUT 
TO TTL OUTPUT WITH TTL LOAD 





PROPAGATION DELAY 


Device 
Under Test 


ECL . 
Device 


Pulse Generator Under Test 
All Diodes 
MMD 7000 
or Equiv. 


oo we 


VEE 


~5.2 Vde 
Cy, = 25 pF, including test fixture 


50-ohm termination to ground focated in each scope channel input. 


All input and output cables to the scope are equal lengths of 50-ohm coaxial cabie 
Wire Jength should be < 1/4 inch from TPin to input pin and TPoyy to Output pin. 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 
FOR PROPAGATION DELAY FROM TTL INPUT 
TO ECL OUTPUT 


Pulse Generator 
Device Under Test 


Input Pulse - 
t+=t-—=55t05ns 
(10% - 90%) 


50-ohm termination to ground located in each scope channel input. 


All input and output cables to the scope are equal lengths of 50-ohm coaxial cable. 
Wire length should be < 1/4 inch from TPipn to input pin and TPoy, to output pin. 
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FIGURE 3 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 
FOR PROPAGATION DELAY FROM ECL SELECT 
INPUT TO ECL OUTPUT 


Vin Vec = +7.0 Vdc Vout 


Coax Sb 0.1 pF Coax 


TPin 






Input TPout 
Pulse Generator 


Device Under Test 








50-ohm termination to ground located in each scope channel input. 


All input and output cables to the scope are equal lengths of 50-ohm coaxial cable. 
Wire length should be < 1/4 inch from TPin to input pin and TPoyt to output pin. 


FIGURE 4 — SETUP AND HOLD TIME WAVEFORMS. 


* For These Tests, Pout = Pgata in All Cases. 
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FIGURE 5 — MC10805 ECL — TTL DELAY (Latch Bypassed) versus CAPACITIVE LOAD 


+25°C, Vec= 


(Ta 


5.0 V) 


a 

ad 
r=. 
” 
lu 
cc 
= 
= 
! 
x 
fo} 
fad 
oO 
z 
2 
« 
= 
- 
a. 
= 
2 
oO 
co 


A. OUTPUT FALLING (50% — THRESHOLD) 








— +0.5 V) 


(su) Aejag 


OUTPUT FALLING (50% 


—+ 





OUTPUT RISING (50% — +3.0 V) 








FIGURE 6 — MC10805 ECL — TTL DELAY (Latch Bypassed) versus CAPACITIVE LOAD 


5.0 V) 


+25°C, Voc = 


(Ta 


=< 
o 
Oo 
t 

8 
(o) 
Lf 
Oo 
2 
2 
fo 
— 
=) 
o. 
= 
2 
Oo 
a) 


A. OUTPUT FALLING (50% — 10%) 


OUTPUT FALLING : 


(su) Aejag —+) 


90% 


10% 
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PIN ASSIGNMENTS 


MC10804 MC10805 


Gnd Gnd Gnd 
, ECL1 TTL1 | ECL 

ECL2 TTL2 ECL2 

ECL3 TTL3 ECL3 

ECL4 TTL4 ECL4 

Bypass Clock ECLS 

Disable ECL/TTL Clock 

VEE Vcc Bypass TTLS 


Disable ECL/TTL 


VEE Vcc 
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MECL Ill 
INTEGRATED CIRCUITS 


MC1600 Series 
(-—30 to + 85°C) 


Function Selection — (—30 to +85°C) 


[Function =| vce | cane 


Gates 


Dual 4-Input OR/NOR _ MC1660 
Dual 4-5-Input OR/NOR MC1688(1) 


Quad 2-Input NOR MC1662 
Triple 2-Input Exclusive NOR MC1674* 
Quad 2-Input OR MC1664* 
Triple 2-Input Exclusive OR MC1672 


Flip-Flops _ 


Dual Clocked Latch MC1668* 
Master-Slave Type D MC1670 










UHF Prescaler Type D MC1690(2) 


Counters 


Binary MC1654* 


Bi-Quinary MC1678* 
1.0 GHz Divide-by-Four MC1699* 





(1) Obsolete use MC10H209 
(2) Obsolete use MC12090 
* Being discontinued. Lifetime buy until 6-14-89. 


Shift Register 
4-Bit Shift 


Multivibrator 


Voltage-Controlled 


Oscillator 


4-2 


Emitter Coupled 
Comparator 
Dual A/D 


Receiver 
Quad-Line 


MC1651 


MC1692 


Case 


620,648 | 


632, 646 


Prescaler 
1.0 GHz Divide-by-Four 
(3) 0°C to 75°C 


MC1697(3)* 


626, 693 


(AA) MOTOROLA MC1648 


VOLTAGE-CONTROLLED 


OSCILLATOR 
VOLTAGE-CONTROLLED OSCILLATOR 


The MC1648 requires an external parallel tank circuit Consisting 
of the inductor (L) and capacitor (C). L SUFFIX 
A varactor diode may be incorporated into the tank circuit to CERAMIC PACKAGE 
provide a voltage variable input for the oscillator (VCO). The CASE 632 
MC1648 was designed for use in the Motorola Phase-Locked Loop 
shown in Figure 9. This device may also be used in many other 
applications requiring a fixed or variable frequency clock source 
of high spectral purity. (See Figure 2.) 
The MC1648 may be operated from a +5.0 Vdc supply or a P SUFFIX 
—5.2 Vdc supply, depending upon system requirements. PLASTIC PACKAGE 


CASE 646 


LOGIC DIAGRAM 


Bias Point 10 


Tank 12 Output 





FIGURE 1 — CIRCUIT SCHEMATIC AGC 


Input Capacitance = 6.0 pF typ 

Maximum Series Resistance for L (External 
Inductance) = 50 2 typ 

Power Dissipation = 150 mW typ/pkg (+ 5.0 Vdc 
Supply) 

Maximum Output Frequency = 225 MHz typ 


Vcci = Pin 1 
Vcc2 = Pin 14. 
VEE = Pin7 











PIN ASSIGNMENT 


12 
VeEE1 ‘Bias Pt. Tank VEE? AGC 





MC1648 









TEST VOLTAGE/CURRENT VALUES 






oe ah (atts) mate 





~ 30°C 
+ 25°C 
+ 85°C 





ELECTRICAL CHARACTERISTICS - 
Supply Voltage = +5.0 Volts 






| 
Pa 
Power Supply Drain Current | ote eat ee mAdc| Inputs and outputs open. _| 


VoH 
Logic ‘0’ Output Voltage 3.4 3.475 ViHmax to Pin 12, iL @ Pin 3. 
. * 
Vdc 
H* 






a ees 
Peak-to-Peak Tank Voltage 


Output Duty Cycle | Vde | See Figure 3. 
Oscillation Frequency — 


*This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor turning diode at this point. 
**Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature. 


FIGURE 2 — SPECTRAL PURITY OF SIGNAL OUTPUT FOR 200 MHz TESTING 


L: Micro Metal torroid #T20-22, 8 turns L = 40 nH 
#30 Enameled Copper wire. C = 10 pF 


C = 3.0-35 pF +5.0 Vde 





B.W. = 10 kHz 
Center Frequency = 100 MHz 
Scan Width = 50 kH2/div 


Vertical Scale = 10 dB/div at 
*The 1200 ohm resistor and the scope termination imped- 
ance constitute a 25:1 attenuator probe. Coax shall be CT- — 
070-50 or equivalent. 
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-MC1648 





TEST VOLTAGE/CURRENT VALUES 





@ Test (Volts) | ss mAde 
Temperature | Vitimax Vitmin | Vcc IL | 


MC1648 


— 30°C 
+ 25°C 
+ 85°C 





ELECTRICAL CHARACTERISTICS 
Supply Voltage = +5.0 Volts 











| 
ate ae ae See 
ee a a | elem 












Logic ‘1° Output Voltage 


a een! 
ca 


*This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor turning diode at this point. 
**Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature. 






< 
















See Figure 3. 


3 
< 
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MC1648 
FIGURE 3 — TEST CIRCUIT AND WAVEFORMS 


*Use high impedance probe (>1.0 Megohm must be 
used). 

**The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 

***Bypass only that supply opposite ground. 


PRF = 1.0 MHz 
Duty Cycle (Vdc) — " 





OPERATING CHARACTERISTICS 


Figure 1 illustrates the circuit schematic for the 
MC1648. The oscillator incorporates positive feedback by 
coupling the base of transistor Q6 to the collector of Q7. FIGURE 4 — THE MC1648 OPERATING IN THE VOLTAGE 
An automatic gain control (AGC) is incorporated to limit iss CONTROLLED MODE . 
the current through the emitter-coupled pair of transis- 
tors (Q7 and Q6) and allow optimum frequency response 
of the oscillator. | . . 

In order to maintain the high Q of the oscillator, and 
provide high spectral purity at the output, transistor Q4 
is used to translate the oscillator signal to the output 
differential pair Q2 and Q3. Q2 and Q3, in conjunction 
with output transistor Q1, provides a highly buffered out- 
put which produces a square wave. Transistors O9 and 
Q11 provide the bias drive for the oscillator and output » 
buffer. Figure 2 indicates the high spectral purity of the 
oscillator output (pin 3). . 

When operating the oscillator in the voltage controlled 
mode (Figure 4), it should be noted that the cathode of 


o Ouptput 





the varactor diode (D) should be biased at least “2” Ver to the varactor diode, the output frequency will vary 
above Veg (~1.4 V for positive supply operation). slightly because of internal noise. This variation is plotted 
When the MC1648 is used with a constant dc voltage versus operating frequency in Figure 5. 


FIGURE 5 — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM 


Oscillator Tank Components 
(Circuit of Figure 4) 














MV2115 
MV2116 
MV2106 








Af, FREQUENCY DEVIATION, RMS (Hz) 























f, OPERATING FREQUENCY (MHz) 


Signal Generator 
HP 608 
or Equiv. 










20 kHz above MC1648 Frequency 






B.W. = 1.0 kHz 






























Frequency Voltmeter 
ae t Attenuator Lo Meter RMS 
ance hae MC1648 gener HP5210A HP3400A or Equiv. 


Frequency (f) or Equiv. 
(HP5210A output voltage) (Full Scale Frequency) 
1.0 Volt 


NOTE: Any frequency deviation caused by the signal generator and MC1648 power 
supply should be determined and minimized prior to testing. 


Frequency Deviation = 
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MC1648 


TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE 
USING EXTERNAL VARACTOR DIODE AND COIL. Ta = 25°C 


FIGURE 6 


L: Micro Metal Toroidal Core #T44-10, 
4 turns of No. 22 copper wire. 
Vin 


L = 0.13 pH 
Q. = 100 


CCH 
CLINI TTT 
NT 
ALL 

\ 


mv1401 12 


Vec1 = Vcc2 = +5.0 Vde T 0.1 uF 
+ VeEE1 = VEE2 = Gnd 





“fout: OUTPUT FREQUENCY (MHz) 


“LNT 
i 

EEE 

LTE EEE 


IN 


*The 1200 ohm resistor and the scope termination 

_ impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 

Vin, INPUT VOLTAGE (VOLTS) 





FIGURE 7 


L: Micro Metal Toroidal Core #T44-10, 
20 turns of No. 22 copper wire. 
Vin Qi = 100 
C = 500 pF 


foyt, OUTPUT FREQUENCY (MHZ) 


MV1401 
9.0 uF Vec1 = Vcc2 = +5.0 Vde 
4+ VEE1 = VEE2 = Gnd 
*The 1200 ohm resistor and the scope termination 


impedance constitute a 25:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 


L: Micro Metal Torodial Core #T30-12, 
5 turns of No. 20 copper. wire. 


Vec1 = Vcc2 = +5.0 Vdc 


fout, OUTPUT FREQUENCY (MHz) 
MV 1404 


Q, = 100 
L = 0.065 wH 


LANL 
HEE ENT 


ee ee 
ieee ae 
ee eed 
(aaa ae 
as eae 
[pales ane 
=o 
Fania 
=e ee 
eae eee 
a ea 
eel BE 


0.1 uF 
T Le 


*The 1200 ohm resistor and the scope termination 
impedance constitute a 25:1 attenuator probe. Coax 


Vins INPUT VOLTAGE (VOLTS) shall be CT-070-50 or equivalent. 
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~MC1648 


Typical transfer characteristics for the oscillator in the 
voltage controlled mode are shown in Figures 6, 7, and 
8. Figures 6 and 8 show transfer characteristics employ- 
-ing only the capacitance of the varactor diode (plus the 
_input capacitance of the oscillator, 6.0 pF typical). Figure 
7 illustrates the oscillator operating in a voltage con- 
trolled mode with the output frequency range limited. 
This is achieved by adding a capacitor in parallel with the 
tank circuit as shown. The 1.0 kf) resistor in Figures 6 
and 7 is used to protect the varactor diode during testing. 
It is not necessary as long as the dc input voltage does 


_ Capacitors (C1 and C2 of Figure 4) should be used to 
bypass the AGC point and the VCO input (varactor diode), 


' guaranteeing only dc levels at these points. 


not cause the diode to become forward biased. The — 


larger-valued resistor (51 kQ) in Figure 8 is required to 
provide isolation for the high-impedance junctions of the 
two varactor diodes. 

The tuning range of the oscillator in the voltage con- 
trolled mode may be calculated as: 


fmax _ VCp(max) + Cs 
fmin  VCp(min) + Cs 


1 
where fmin _ 2a V/LCpimax) + Cs) mann Cs 


Cs = shunt capacitance (input plus external 
capacitance). 
Cp = varactor capacitance as a function of bias 


voltage. 


Good RF and low-frequency bypassing is necessary on 
the power supply pins. (See Figure 2.) 


For output frequency operation between 1.0 MHz and 


50 MHz a 0.1 uF capacitor is sufficient for C1 and C2. At 


higher frequencies, smaller values of capacitance should 
be used; at lower frequencies, larger values of capaci- 
tance. At high frequencies the value of bypass capacitors 
depends directly upon the physical layout of the system. 
All bypassing should be as close to the package pins as 
possible to minimize unwanted lead inductance. 

The peak-to-peak swing of the tank circuit is set inter- 
nally by the AGC circuitry. Since voltage swing of the 
tank circuit provides the drive for the output buffer, the 
AGC potential directly affects the output waveform. If it 
is desired to have a. sine wave at the output of the 
MC1648, a series resistor is tied from the AGC point to 
the most negative power potential (ground if +5.0 volt 
supply is used, —5.2 volts if a negative supply is used) 
as shown in Figure 10. 

At frequencies above 100 MHz typ, it may be desirable 
to increase the tank circuit peak-to-peak voltage in order 
to shape the signal at the output of the MC1648. This is 
accomplished by tying a series resistor (1.0 kQ minimum) 
from the AGC to the most positive power potential (+ 5.0 
volts if a + 5.0 volt supply is used, ground if a —5.2 volt 


- supply is used). Figure 11 illustrates this principle. 


APPLICATIONS INFORMATION 


The phase locked loop shown in Figure 9 illustrates the 
use of the MC1648 as a voltage controlled oscillator. The 
figure illustrates a frequency synthesizer useful in tuners 
for FM broadcast, general aviation, maritime and land- 
mobile communications, amateur and CB receivers. The 
system operates from a single +5.0 Vdc supply, and 
requires no internal translations, since all components 
are compatible. 

Frequency generation of this type offers the advan- 
tages of single crystal operation, simple channel selec- 
tion, and elimination of special circuitry to prevent har- 
monic lockup. Additional features include dc digital 
switching (preferable over RF switching with a multiple 
crystal system), and a broad range of tuning (up to 150 
MHz, the range being set by the varactor diode). 
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The output frequency of the synthesizer loop is deter- 
mined by the reference frequency and the number pro- 
grammed at the programmable counter; foyt = Nfref. 
The channel spacing is equal to frequency (fref). 

For additional information on applications and designs 
for phase locked-loops and digital frequency synthesiz- 
ers, see Motorola Brochure BR504/D, Electronic Tuning 
Address Systems, (ETAS). 

Figure 10 shows the MC1648 in the variable frequency 
mode operating from a +5.0 Vdc supply. To obtain a sine 
wave at the output, a resistor is added from the AGC 
circuit (pin 5) to Veg. 

Figure 11 shows the MC1648 in the variable frequency 
mode operating from a +5.0 Vdc supply. To extend the 
useful range of the device (maintain a square wave output 


MC1648 


FIGURE 9 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION 


Phase 


Low Pass 
Filter 


Detector 
MC4044 


Counter Control 


Modulus Enable Line 


Logic 
MC12014 


+N 


p 
Programmable 


Counter 
MC4016 


above 175 MHz), a resistor is added to the AGC circuit at 
pin 5 (1.0 k-ohm minimum). 

Figure 12 shows the MC1648 operating from +5.0 Vdc 
and +9.0 Vdc power supplies. This permits a higher volt- 
age swing and higher output power than is possible from 
the MECL output (pin 3). Plots of output power versus 


FIGURE 10 — METHOD OF OBTAINING A 
SINE-WAVE OUTPUT 


+5.0 Vdc 
C) 
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Voltage 
Controlled 
Oscillator 


| MC1648 | 


fout 


fout = Nfref 
where 
N=NpeP+A 


MC12012 
+P, +(P + 1) 


Zero Detect Line 


Prog rammable 
Counter 
MC4016 


Counter Reset Line 


N= NpeP+A 


total collector load resistance at pin 1 are given in Figures 
13 and 14 for 100 MHz and 10 MHz operation. The total 
collector load includes R in parallel with Rp of L1 and C1 
at resonance. The optimum value for R at 100 MHz is 
approximately 850 ohms. 


FIGURE 11 — METHOD OF EXTENDING THE USEFUL RANGE 
OF THE MC1648 (SQUARE WAVE OUTPUT) 


1.0 k min 





FIGURE 12 — CIRCUIT USED FOR COLLECTOR OUTPUT OPERATION 


Output 








+9.0V 
0.01 uF 
+5.0V 
*Q, = 100 
FIGURE 13 — POWER OUTPUT versus COLLECTOR LOAD FIGURE 14 — POWER OUTPUT versus COLLECTOR LOAD. 


See test circuit, Figure 12, f = 100 MHz See test circuit, Figure 12, f = 10 MHz 
C3 = 3.0-35 pF C3 = 470 pF 
Collector Tank Collector Tank 
L1 = 0.22 wH C1 = 1.0-7.0 pF L1 = 2.7 pH C1 = 24-200 pF 
R = 500-10 kO R = 50 0-10 kO 
Rp of L1 and C1 = 11 kQ @ 100 MHz Resonance Rp of L1 and C1 = 6.8 kX W 10 MHz Resonance 
Oscillator Tank Oscillator Tank 
L2 = 4turns #20 AWG 3/16" ID _ L2 = 2.7 pH 
C2 = 1.0-7.0 pF | C2 = 16-150 pF 


é MT TTT =H NC 
Ez il may fo \oo 


POWER OUTPUT (mW RMS) 


Da 
= 
co 
= 
— 
_ 
= 
a. 
= 
2 
oO 
o 
wu 
= 
io) 
QA. 


z HH | | 
| CIAL TTI TN NH | vt EEN 
Na ee eas ee oe ee 
| | dif ii aot SLUT ETE | UT 


100 1000 10,000 1000 


TOTAL COLLECTOR LOAD (OHMS) TOTAL COLLECTOR LOAD (OHMS) 
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(AA) MOTOROLA 


DUAL A/D CONVERTER 


The MC1650 and the MC1651 are very high speed comparators 
utilizing differential amplifier inputs to sense analog signals above 
or below a reference level. An output latch provides a unique 
sample-hold feature. The MC1650 provides high impedance Dar- 
lington inputs, while the MC1651 is a lower impedance option, 
with higher input slew rate and higher speed capability. 

The clock inputs (Cg and Cp) operate from MECL III or MECL 


10,000 digital levels. When Cag is at a logic high level, QO will be 
at a logic high level provided that V1 > V2 (Vz is more positive 
than V2). Q0 is the logic complement of QO. When the clock input 
goes to a low logic level, the outputs are latched in their present 
state. 

Assessment of the performance differences between the 
MC1650 and the MC1651 may be based upon the relative behav- 
iors shown in Figures 4 and 7. 


LOGIC DIAGRAM 


ee 2 Q0 
V2a 5 


Ca 4 3 Oo 
*Vib 12 

14 Q1 

V2b 11 2 

Ch 13 15 Q1 


Vcc = +5.0 V = Pin 7, 10 
VEE = —9.2V = Pin8 
Gnd = Pin 1, 16 


Pp = 330 mW typ/pkg (No Load) 
tod = 3.5 ns typ (MC1650) 
3.0 ns typ (MC1651) 
@ Input Slew Rate = 350 V/s (MC1650) 
= 500 V/us (MC1651) 
Differential Input Voltage: 5.0 V (— 30°C to +85°C) 
Common Mode Range: 
—3.0 V to +2.5 V (—30°C to +85°C) (MC1651) 
-2.5 V to +3.0 V (—30°C to + 85°C) (MC1650) 
Resolution: <= 20 mV (— 30°C to + 85°C) 
Drives 50 @ lines 


Number at end of terminal denotes pin number for L package (Case 620). 








MC1650 
MC1651 


DUAL A/D 
CONVERTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


TRUTH TABLE 





d@ = Don't Care 


PIN ASSIGNMENT 





ol-v 










TEST VOLTAGE VALUES 


(Volts) 









@ Test 
Temperature 


— 30°C 
$25'C 
+ 85°C 











ELECTRICAL CHARACTERISTICS . hs 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW 
Characteristic Symbol |_Min | Max | Min [ Max | unit Viiamin|Vitamax] Vat [aa |Vaa | Vaa|Vas [Vag] Gnd] 
Power Supply Drain Current mAdc 
Positive 25% 4,13 6,12 1,5,11,16 
Negative 55* 4,13 6,12 1,5,11,16 
wAdc 
10 13 12 1,5,11,16. 
40 
pAdc 
MC1650 7.0 13 2 1,5,11,16 
MC1651 


Feat ee SN NEM NF ee Tate | 


Logic ‘’1’" Output Voltage —0.81 | —0.89 1,5,11,16 
1,6,12,16 
; TTT 


1,16 
1,16 
“| “ BEE 
Logic ‘‘0” Threshold VOLA — 1.63 — 1,555; Vde 
Voltage 

















Input Current 
MC1650 
MC1651 


Input Leakage Current 


























1,5,11,16 
1,6,12,16 
1,16 
1,16 


1,5,11,16 
1,6,12,16 
1,16 
1,16 
1,5,11,16 
1,6,12,16 
1,16 
1,16 








Logic ‘0’ Output Voltage 





Logic “1° Threshold 
Voltage2 










NOTES: 1. All data is for 1/2 MC1650 or MC1651, except data marked 3. cola Power ae Voltages (beyond which device 4 | alt Temperatures va Rae Ye Wee ve 
(*) which refers to the entire package. ife may be impaire 
2. These tests done in order indicated. See Figure 5. IVeeEl + Vcc| = 12 Vde MC1650 





LS9LOIN/OS9LOIW 


MC1650/MC1651 


CIRCUIT SCHEMATIC 
1/2 of Device Shown 


(Both Devices) 


MC1650 Inputs 


= aT. Vec 
= 7, 10 
: om 

V1 6 of Bs 


+ - 


2 
a 
Ys ae 
r: | 
a ~ li 2 
bal 


MC1651 Inputs E ed 

“ ak 
-B D - 
mG 

Vi 6 Be ap 

“ee fe 8 VEE 
-D 4 

Clock 

-E 


SWITCHING TEST VOLTAGE VALUES 


















































@ Test (Volts) 


| 


Temperature 


R2 
+ 25°C See Note 4 


Conditions 
Characteristic Symbol (See Figures 1-3) 


Switching Times VR1 to V2, Vx to Clock, P7 to V1, or, 
Propagation Delay Vr2 to V2, Vx to Clock, P2 to Vj, or, 
(50% to 50%) V-Input aon , ‘ ; VR3 to V2, Vx to Clock, P3 to V4. 

Clock2 ; 4, ; VR1 to V2, Py to V1 and Pq to Clock, 
or, VR1 to V1, P1 to V2 and Pg to Clock. 





Clock Enable3 
Clock Apertures 
Rise Time (10% to 90%) 


Fall Time (10% to 90%) 


NOTES: 1. Maximum Power Supply Voltages (beyond which device life 
may be impaired: 
Vecl + [Veg] = 12 Vde. 
2. Unused clock inputs may be tied to ground. 
3. See Figure 3. 
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MC1650/MC1651 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT @ 25°C 


Vout to 









Vxx = Channel B 


Vra1i,VR2.VR3 


eee eee 


P1 
P2 
p3 | 


VEE ni 
-3.2 Vde 


Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
50 ohm termination to ground located in each scope channel input. 
All input and output cables to the scope are equal lengths of 50 ohm coaxial cable. 





FIGURE 2 — SWITCHING AND PROPAGATION WAVEFORMS @ 25°C 


The pulse levels shown are used to check ac parameters 
over the full common-mode range. 








V — INPUT TO OUTPUT CLOCK TO OUTPUT 
VIH ViH + 2.1V 
Vin 50% VR VR + 2.0V 
ViL Vit + 1.9V 
+1.11V 
+0.31 V 
Test pulses: ty,t_ = 1.5 + 0.2 ns (10% to 90%) tod tod 


f = 5.0 MHz 


50% Duty Cycle 50% 





P4:t4,t- = 1.5 + 0.2 ns. 


-TEST PULSE LEVELS 
Ta [| - 
|e [ces [ icves0 | cv65% | wCies0| TERT 

va 









4-14 


MC1650/MC1651 


FIGURE 3 — CLOCK ENABLE AND APERTURE TIME TEST CIRCUIT AND WAVEFORMS @ 25°C 


Vin to Channel A Vcc = +7.0 Vxx = +2.0 Vout to Channel B 


' ; Vdc Vdc 
#e, iS : 





50 ohm termination to ground located in each scope channel input. 
All input and output cables to the scope are equal lengths of 50 ohm coaxial cable. 


ANALOG SIGNAL POSITIVE AND NEGATIVE SLEW CASE 


Vin Negative -—- — = VR + 100 mV = +2.1V 
oe eV S20 
VR —- 100 mV = +1.9V 








Clock Enable 
Time 
50% 


Vin Positive 
éE Vi = +1.11V 






Vit = +0.31V 


QO Positive — 


Q Negative 


Clock enable time = 
(analog to Q) is not degraded by more than 200 ps. 


minimum time between analog and clock signal such that output switches, and tod 


Clock aperture time = time difference between clock enable time and time that output does not switch and 


V is less than 150 mV. 


Note: All power supply and logic levels are shown shifted 2.0 volts positive. 








{ . 
} 
} 
‘ 


PROPAGATION DELAY INCREASE (ns) 


PROPAGATION DELAY INCREASE (ns) 


MC1650/MC1651 | 


FIGURE 4 — PROPAGATION DELAY (tpq) versus 
INPUT PULSE AMPLITUDE AND CONSTANT OVERDRIVE 


TEST CIRCUIT 





POSITIVE PULSE DIAGRAM 
Positive 
Overdrive 


Negative 
Vref ° Vin Pp Overdrive 
Vin Wieden le dN 
eee 4 
Q 


Input Switching time is constant 
at 1.5 ns (10% to 90%). 


NEGATIVE PULSE DIAGRAM 





PROPAGATION DELAY versus PULSE AMPLITUDE 


















— — — Positive Going Pulse 








Negative Going Pulse al me 


3.0 ~S f 
mem aati fe i i 
Fa eR Vines =r 
ttt aun, a 
ae ae EE i 

















a Wee 









0.01 0.02 0.05 0.1 0. - 
PULSE AMPLITUDE Pa, Pp sols 


PROPAGATION DELAY versus OVERDRIVE 


pa He if cee fiat 
4.0 + Overdrive Constant @ 100 mV ie a) El 


yi 

fl Ht 

ailll mani 
1 





fan] 






—— — — Positive Overdrive (Pq) 
2.0 aed iar ar Negative Overdrive (Pp) 
tpd is measured from Vref on the input 


to 50% on the output. 








0.01 0.02 0.04 «0.07 (0.1 0.2 03 05 07 1.0 2.5 
OVERDRIVE (VOLTS) 


4-16 


wae Baill 
OAC ec 
mesg TANT TTT TT TT TET oT EE 
REA NSAi Bea a Et Ree 
MSR a SS REE Reel 
pee GIST TSS a ao ce SS] ale | ea eiateteed a2 oteraties 
Pt LTT TTT RAS§ssb TTT TT te TE 
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MC1650/MC1651 


FIGURE 5 — LOGIC THRESHOLD TESTS (WAVEFORM SEQUENCE DIAGRAM) 


in 


Ol 














Sequential 
Test Number 
(See Test Table) 


| 
| 
| 
| 2 3 4 


FIGURE 6 — TRANSFER CHARACTERISTICS (Q versus Vin) 


TEST CONFIGURATION 





Differential | Sie ee ae aes 
Input 
Vin 





D Q 





Vref —2.0 Vde 


—2.5 Vde < Vref <= +2.5 Vde 


TYPICAL TRANSFER CURVES 


Logic “1” 


Q. OUTPUT VOLTAGE (VOLTS) 





Vref 
Vin. DIFFERENTIAL INPUT VOLTAGE (mV) 
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MC1650/MC1651 | 


FIGURE 7 — OUTPUT VOLTAGE SWING versus FREQUENCY 


(A) TEST CIRCUIT 





(B) TYPICAL OUTPUT LOGIC SWING versus FREQUENCY 





BS a a EP LS eS 
ee Ss NSS 














PEAK-TOQ-PEAK OUTPUT (VOLTS) 
Oo 
a 





0 
Input Voltage. 


a SSeS ee ee 


10 20 30 50 70 100 . 200 300 
































PEAK-TO-PEAK OUTPUT (VOLTS) 


Input Voltage 
mV Peak-to-Peak 














10 20 30 50 70 ~ 100 200 300 
FREQUENCY (MHz) 
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Jin, INPUT CURRENT (uA) 


MC1650/MC1651 


FIGURE 8 — INPUT CURRENT versus INPUT VOLTAGE 


TEST CIRCUIT 


























































Typical MC 1650 (Complementary Input Grounded) Typical MC1651 (Complementary Input Grounded) 
pe (aes aces eee Se aie Eee ae 
Argel te hee hen ON ee) 
a a ee ER ET 
- 5 “I +8 = 15 ae es os —— | 
en a eee ee = t—T 
ww” Oo hapcua —_ 
Fa aie = aos ee ee a ee 7 ee en eee sree |e eae = 
eae cae a ma, | ae me, ees |= ae | se eI SI | 0c (A 
Peed temo the nn tree e ede Cee ee oe i ees oe eT |» +859C 
ee ts ee ei lect. See ne ee | 
i | 
jie ne ae, ee Se He ea pC Mn ee eck | FE 
ocean eee es es ee en cance ee ee Se ee a 
eee ier ee ee 7 ee ee 
-5 
-25 -2 -1 0 +] +2 +25 -2.5 -2 -1 0 H 2 2.5 





(AA) MOTOROLA 


BINARY COUNTER 


The MC1654 is a 4-bit counter capable of divide-by-two, 
divide-by-four, divide-by-eight, or divide-by-16 functions. When 
used independently, the divide-by-16 section will toggle at 
325 MHz typically. Clock inputs trigger on the positive-going 
edge of the Clock pulse. 


Set and Reset inputs override the Clock, allowing asynchronous 

"or “‘clear.”” Individual Set and common Reset inputs are 

provided, as well as complementary outputs for the first and 
fourth bits. True outputs are available at all bits. 


Power Dissipation = 750 mW typ 
fTog = 325 MHz typ 





ELECTRICAL CHARACTERISTICS 









+85°C ~~ 
| Min |Max| Min [Max| 

1.0/2.9| 1.0 | 2.7} 1.01 3.1 

2.0} 3.9} 2.0|3.7| 2.0] 41 

© Tis |ea]t0]27]10]33] a 


Maximum Toggle Frequency Ss M 


Note 1. For VQH/VOoL testing reset all four flip-flops by applying Raz to Reset and apply Vijmin to 
Set inputs, or set all four flip-flops by applying Raz simultaneously to all Set inputs and 
apply ViLmin to Reset. For VoHA/VOLA testing follow the same procedure using Pag and 


ViLAmax: Vi Wak 
Pal a Sioa PA2 came alan 


VIL VILA 


Characteristic Symbol 


Power Supply Drain Current | oie 


Input Current 
Reset 
Set, Clock 


Switching Times 
Propagation Delay 
Clock (Pin 2 or 15 to pins 4, 5) 
Set, Reset 


Rise Time (10% to 90%) 



































ooooococoocooc”coooo,|,;ooo0o- 


** 











MC1654 


BEING DISCONTINUED 
(LIFETIME BUY UNTIL JUNE 14, 1989) 


BINARY COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


TRUTH TABLE 
Outputs 


No Count 
No Count 


ooooocoocjcoooooqooqcoo0o 0 co-0/8| 


Pp opr or or o- orf O- oO - Oo 
me ooe-fH coor Hf-oo--0o co 
mere - oocoooeo-e-- - Oc Oo 

meee eas - - oaoaonoTnrcodo 


éd = Don't Care 


Vi Clock transition from Vi, to Viq 


LOGIC DIAGRAM VIL may be applied to C1 or C2 or both for 


Q2 11 $3 14 Q312 
O 


Clock 1 


Clock 2 


10 O 
Reset 


Vcci = Pin1 
VEE = Pin8 
Vcc2 = Pin 16 
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same effect. 


(A) mororo.a 


VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


The MC1658 is a voltage-controlled multivibrator which pro- 
vides appropriate level shifting to produce an output compatible 
with MECL tll and MECL 10,000 logic levels. Frequency control is 
accomplished through the use of voltage-variable current sources 
which control the slew rate of a single external capacitor. 

The bias filter may be used to help eliminate ripple on the output 
voltage levels at high frequencies and the input filter may be used 
to decouple noise from the analog input signal. 





FIGURE 1 — CIRCUIT SCHEMATIC 





VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


LOGIC DIAGRAM 





Vcec2 Vcc1 
59 01 
= Bias Filter 120 
100 100 
- Input Filter 13° 
Q Q 
40 = ae 
VCX 1k 1000 2 Bias Vec = Pin 1 
an Filter Vec2 = Pind 
012 VEE = Pin8 
1k 
ox1 Cx2 
110 014 
Input fig 80 PIN ASSIGNMENT 
Filter 250 
at 
a 13 L_J Input Filter 
12 |_] Bias Filter 
500 62 260 
68 
VEE 
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MC1658 





Vdc +1% 


ae eee ee ae 


@ Test 
Temperature 


— 30°C 
+ 25°C 
+ 85°C 


VEE 


VIHA 


+2.0 


















ELECTRICAL CHARACTERISTICS (Vee = -—5.2 V Vcc = 0 V (GND) 
input Current | ina | — | — | —_ 
“Q” High Output Voltage — 1.045 | —0.875 | —0.96 | 

L as 


7 [-s | +25¢ | 
Characteristic 
Current ne 
| O 
“Q" Low Output Voltage — 1.89 





Fall Time (10% to 90%) 


Oscillator Frequency 


Tuning Ratio Test 


NOTES: 1. Germanium diode (0.4 drop) forward biased from 11 to 14 (11 ——>}— 14). 
2. Germanium diode (0.4 drop) forward biased from 14 to 11 (11 ——-}@— 14). 
Output frequency at Vcx = Gnd 


3. TR = 

Output frequency at Vcx = —2.0V 
4. Cx1 = 5.0 pF connected from pin 11 to pin 14. 
5. Cx2 = 10 pF connected from pin 11 to pin 14. 


a TEST VOLTAGE VALUES _ | 


ciel ee eT 
mcs 





+85°C 


mAdc |ViH to Vcx Limit applies 
for 1 or 2 


















re 


Vin to Vex! 





Conditions (See Figure 2) 


VIHA to Vex, CX19 from 
pin 11 to pin 14. 


MHz | Vina to Vex, CX24 from 
pin 11 to pin 14. 


CX24 from pin 11 to 
pin 14. 


FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS 


Vcc 
0+2.0 Vdc 

















E Channel ““A”’ 
Input 2 


Coaxial Cables 
(Equal lengths, typ 2 places) 
To Scope 


7 Channel ’‘B” 
Input 2 
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50 ohm termination to ground located in each scope chan- 
nel input. 

All input and output cables to the scope are equal lengths 
of 50 ohm coaxial cable. Wire length should be < 1/4 inch 
from TPjp to input pin and TPoyt to output pin. 


Note: All power supply and logic levels are shown shifted 
2.0 volts positive. 


MC1658 


FIGURE 3 — OUTPUT FREQUENCY versus CAPACITANCE FOR 


FIGURE 4 — RMS NOISE DEVIATION versus OPERATING 
VARIOUS VALUES OF INPUT VOLTAGE 


FREQUENCY 
































RMS (Hz) 












































fF, FREQUENCY DEVIATION 























f, OPERATING FREQUENCY (MHz) 



































i i’ 
1.0 . 10 - 400 1000 10,000 
cy (pF) 

4 FIGURE 5 — FREQUENCY CAPACITANCE PRODUCT versus 
CONTROL VOLTAGE (Vc x) 
xr 
= 

bk 

Same ere eae ans (eR (SR A) Rae DE aa 
a 1400 Cy (pF )= Frequency Capacitance Product at Desired Vcyx & | 
C Desired Frequency (MHz) 

1300 

a 

4 1200 ee (ANE: |S REI ae: ee FE 

= 1100 | | 

a 1000 

O 

<I 900 

< 

. oa 

eee 

Zz 600 

uw 

=) 500 

O 

Ww 400 

iq 

uw 300 

x 
O 

@ -2.0 -18 -16 -1.4 1.2 -10 O08 06 0.4 0.2 Oo 

fo) 


Vex, INPUT VOLTAGE (Vdc) 
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(MA) MOTOROLA 


ELECTRICAL CHARACTERISTICS 


Symbol 


Power Supply Drain Current 


Switching Times 
Propagation Delay 


Rise Time, Fall Time 
(10% to 90%) 


LOGIC DIAGRAM 


Aint 


Ain2 
Ain3 
Ain4 
Bint 
Bin2 14 Baur 


Bin3 15 Bout 
SI a ees 


out = ini + in2 + in3 + in4 


out = inl + in2 + in3 + in4 


Vcci = Pin 
Vcc2 = Pin 16 
VEE = Pin8 


tpd = 0.9 ns typ (510 ohm load) 
1.1 ns typ (50 ohm load) 


Pp = 120 mW typ/pkg (No load) 
Full Load Current, |) = —25 mAdc max 
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MC1660 


DUAL 4-INPUT OR/NOR GATE 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 





(AA) MOTOROLA 


ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Se 


Power Supply Drain Current 


ere ne ie 


Switching Times 
Propagation Delay 


QUAD 2-INPUT NOR GATE 


Rise Time, Fail Time 
(10% to 90%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 
LOGIC DIAGRAM 


Aint 


Ain2 
PIN ASSIGNMENT 


4 
5 

Bint me Bout 
Bin2 7 
10 


— 14 Cout 
Cin2 1 
D; 
inl ee 15 Dout 
Din2 13 
out = in? + in2 
Vcci1 = Pin 


Vcc2 = Pin 16 
Vege = Pin 8 


tpg = 0.9 ns typ (510 ohm load) 
1.1 ns typ (50 ohm load) 





Pp = 240 mW typ/pkg (No load) 
Full Load Current, l_ = —25 mAdc max 
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(AA) MOTOROLA ie, ‘sient del 


(LIFETIME BUY UNTIL JUNE 14, 1989) 













ELECTRICAL CHARACTERISTICS 


| | | -30°¢ | +25°C 
L__coumemnss | ma aer i 
Power Supply Drain Current ees 
Input Current linH | — | — | 350 | 
1 0.6 | 1.8 | 0.6 | 1.7 
il ded a 


LOGIC DIAGRAM 





















Switching Times 
Propagation Delay 






Rise Time, Fall Time 
(10% to 90%) 


0.6 
0.6 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 


Bint -—) B 
Bin2 7 a 
a aes 
Cin2 11 oe 
Dini 12 

Din2 ;_~_) Pout 


out = inl + in2 


Vcci = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


tod = 0.9 ns typ (510 ohm load) 
1.1 ns typ (50 ohm load) 


Pp = 240 mW typ/pkg (No load) 
Full Load Current, lL = —25 mAdc max 
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MOTOROLA oe, 1668 


(LIFETIME BUY UNTIL JUNE 14, 1989) 





ELECTRICAL CHARACTERISTICS 





=a0e [256 | a8 


Characteristic Symbol | Min Max | Min | 


Power Supply Drain Current 


Input Current 
Data, Set, Reset 
Clock 


Switching Times 
Propagation Delay 
Clock 
Set, Reset 


Rise Time (10% to 90%) 
E 
Fall Time (10% to 90%) : : : : ; ; aust ia 


LOGIC DIAGRAM 


5 
S1 
7 Cy Qy —3 
R4 
4 
Ss 
MD2 ~* Qo 
a C Qo? 
me 2 





**Output state not defined é@ = Don't Care 


12 
PIN ASSIGNMENT 


11 


9 





Vcec1 = Pin 
Vcc2 = Pin 16 
VEE = Pin8 


tod = 1.6 ns typ (510 ohm load) 
1.8 ns typ (50 ohm load) 
Pp = 220 mW typ/pkg (No load) 
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(MA) MOTOROLA 


MASTER-SLAVE 
FLIP-FLOP 


Master slave construction renders the MC1670 relatively insen- 


sitive to the shape of the clock waveform, since only the voltage 
levels at the clock inputs control the transfer of information from 
data input (D) to output. 

When both clock inputs (C1 and C2) are in the low state, the 
data input affects only the ‘Master’ portion of the flip-flop. The 
data present in the “Master” is transferred to the “Slave” when 
clock inputs (C1 ‘““OR” C2) are taken from a low to a high level. 
In other words, the output state of the flip-flop changes on the 
positive transition of the clock pulse. 


MASTER-SLAVE 
FLIP-FLOP 


Full 
16 , L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


While either C1 ‘‘OR” C2 is in the high state, the “Master” (and. 
data input) is disabled. 

Asynchronous Set (S) and Reset (R) override Clock (C) and Data 
(D) inputs. 


LOGIC DIAGRAM 


Q2 . 
11 D 0.3 
4 R 


Power Dissipation = 220 mW typ (No Load) 


TRUTH TABLE 


serene nee|e 


¢@ = Don’t Care 
ND = Not Defined 
C= 


Vcci = Pin 1 
Ci + C2 


Vcc2 = Pin 16 
VEE = Pin8 





ELECTRICAL CHARACTERISTICS 


Characteristic 


Power Supply Drain Current ; 


Input Current 
Set, Reset 
Clock 
Data 


PIN ASSIGNMENT 


| Switching Times 
Propagation Delay 


Rise Time (10% to 90%) 
Fall Time (10% to 90%) 
Setup Time 


Hold Time 





9{ | Clock 2 


Toggle Frequency 
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MC1670 


FIGURE 1 — TOGGLE FREQUENCY WAVEFORMS 


PTT Pt Tt td Tot Ta = 25°C 


Sick ; /\ —+1.11V 
oe ee wan E/N IAN PALL rma 
300 ~-- +0.71 VBias 
The maximum toggle frequency of the MC1670 has been exceeded 


MHz-max ANAL WA ALA — +0.31V when see 
Tt Pt ttt tt 


1. The output peak-to-peak voltage swing falls below 600 
millivolts. 


Ant LAS | ie evice ceases to toggle (divide wo 
NEAARGEal ...... 0"o™ccCe nen 
WNT Ne 





Qord 
Output 


FIGURE 2 — MAXIMUM TOGGLE FREQUENCY (TYPICAL) 


Figure 2 illustrates the variation in toggle frequency 
with the dc offset voltage (Vpjgs) of the input clock 
signal. 

Figures 4 and 5 illustrate minimum clock pulse width 
recommended for reliable operation of the MC1670. 


VBias 





fTog (MHz) 


FIGURE 3 — TYPICAL MAXIMUM TOGGLE FREQUENCY 
versus TEMPERATURE 


ffog max, MAXIMUM TOGGLE 
FREQUENCY (MHz) 





Ta, AMBIENT TEMPERATURE (°C) 


+0.66 Vde +0.71 Vde +0.765 Vde 


Note: All power supply and logic levels are shown shifted 2.0 volts 
positive. 








MC1670 | 


FIGURE 4 — MINIMUM “DOWN TIME” TO CLOCK . 
OUTPUT LOAD = 50 2 


SCALE 
250 mV/DIV 





1.0 ns/DIV, © 


FIGURE 5 — MINIMUM “UP TIME” TO CLOCK 
OUTPUT LOAD = 50 22 


SCALE 
250 mV/DIV 





1.0 ns/DIV. 
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(MA) MOTOROLA 


ELECTRICAL CHARACTERISTICS 


Symbol 
IE 


Power Supply Drain Current 






Cave [sae [+086 
iin |x| Min [Max in [Max 
— — — 55 | — | — |jmAdc 














Input Current 
A Inputs 
B Inputs 










Switching Times 
Propagation Delay , Inputs 







B Inputs 
Rise Time (10% to 90%) 
Fall Time (10% to 90%) 







LOGIC DIAGRAM 


Ain1 3 Jj) a? he 
Ain2 5 a 
me 3 ~~) 2 Bout 
Bin2 6 
Cint 11 a) 15 Cout 
Cin2 7 

out = inl @ in2 + in1 @ in2 


Veci1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8 


tpd = 1.1 ns typ (510 ohm load) 
1.3 ns typ (50 ohm load) 
Pp = 220 mW typ/pkg 
Full Load Current, l_| = —25 mAdc max 


Number at end of terminal denotes pin number for L package. 
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TRIPLE 2-INPUT 
EXCLUSIVE-OR GATE 


__L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 





. | e674 
(AA) MOTOROLA | geiygeigconmnen 


ELECTRICAL CHARACTERISTICS 


TRIPLE 2-INPUT 
EXCLUSIVE-NOR GATE 


Characteristic 


Power Supply Drain Current Set 


Input Current 
A Inputs rer 
B Inputs linH 


Switching Times \. 
Propagation Delay A Inputs 


B Inputs | 
Rise Time (10% to 90%) 
Fall Time (10% to 90%) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM 


Aint ; =) A? Ae 
Ou 
Ain2 9 


PIN ASSIGNMENT 





B: 9 6 ) " 14 Bout 
In 
Cin2 


out = inl @in2 + in1 @ in2 


Vcci1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


tpd = 1.1 ns typ (510 ohm load) 
1.3 ns typ (50 ohm load) 
Pp = 220 mW typ/pkg 
Full Load Current, | = —25 mAdc max 
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(A) mororo.s 


BI-QUINARY 
COUNTER 


The MC1678 is a 4-bit counter capable of divide-by-two, divide- 
by-five, or divide-by-10 functions. When used independently, the 
divide-by-two section will toggle at 350 MHz typically, while the 
divide-by-five section will toggle at 325 MHz typically. Clock inputs 
trigger on the positive going edge of the clock pulse. 

Set and Reset inputs override the clock, allowing asynchronous 


“set’’ or “clear.” Individual Set and common Reset inputs are 
provided, as well as complementary outputs for the first and 
fourth bits. True outputs are available at all bits. 


DC Input Loading Factor R 2.40 
C1 0.77 
C2 =-1.23 
S_ 1.00 
DC Output Loading Factor = 70 
Power Dissipation = 750 mW typ 
fTog = 350 MHz typ 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Power Supply Drain Current 


Input Current 
Reset 
C2 
Set, Clock 


Switching Times 
Propagation Delay 
Clock to QO, QO 
C2 to Q1, 02, 3, 03 ; ; 0 } 3.0 
Set, Reset : ‘ ; 3.7 


Rise Time (10% to 90%) 
Fall Time (10% to 90%) 


Toggle Frequency 
Qo 
Q3 


LOGIC DIAGRAM 
$014 QO 13 $110 Q1 11 $2 
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MC1678 


BEING DISCONTINUED 
(LIFETIME BUY UNTIL JUNE 14, 1989) 


BI-QUINARY 
COUNTER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 








‘COUNTER TRUTH TABLES 


BCD ’ BI-QUINARY 
(Clock connected to C1 (Clock connected to C2 
and QO connected to C2) and Q3 connected to C1) 





; a 










pene 






@ = Don't Care 
ND = Not Defined 


arenes Le ee 





pofese|onefe 


pcfarr 


COUNTER STATE DIAGRAM — POSITIVE LOGIC 


Clock connected to C2 Q0 connected to C2 





APPLICATIONS INFORMATION 


With the addition of a single gate package, the MC1678 will count in a fully synchronous mode, as shown below. 


LOGIC DIAGRAM 


1/2 MC1662 Clock 


15 
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OBSOLETE 


(AA) MOTOROLA MC1688 


USE MC10H209 


ELECTRICAL CHARACTERISTICS 


Cee Tere _ ee 
oes ses 











DUAL 4-5-INPUT 
OR/NOR GATE 





Power [Power Supply Drain Current _| Drain Current 






Input Current 






Switching Times 
Propagation Delay 






2 






Rise Time, Fall Time 
(20% to 80%) 


oe, 





LOGIC DIAGRAM L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


Aint 





3 ‘Aout 
2 Aout 


Ain2 
Ain3 
Ain4 
Bint 
aye 0 0 14. Bout 
in3 11 — je 5 15 B 
Bina 12 on 
Bin5 13 


on Oo Ff 


PIN ASSIGNMENT 


Vcc1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pins 


tpd = 0.8 ns typ 
Pp = 125 mW typ/pkg (No Load) 
Output Rise and Fall Times 

(20% to 80%) 1.1 ns 
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(AA) MOTOROLA 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Power Supply Drain Current 


Input Current 
Pins 7,9 
Pins 11, 12 


Switching Times 
Propagation Delay — 


Rise Time, Fall Time 
(10% to 90%) 


Setup Time 
Hold Time 
Toggle Frequency 


LOGIC DIAGRAM 


Vcci1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin8 


Pp = 200 mW typ/pkg (No Load) 
fTog = 500 MHz min 
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MC1690 


OBSOLETE — 
USE MC12090 


UHF PRESCALER 





TYPE D FLIP-FLOP 





CERAMIC PACKAGE 


CASE 620 





TRUTH TABLE 


PIN ASSIGNMENT 





¢@ = Don’t Care 





MC1690 


FIGURE 1 — TOGGLE FREQUENCY TEST CIRCUIT 
Vin +2.0 Vdc Vout 


Coax Coax 


0.1 uF 


) 


Sine Wave Generator, 6) TPout 


AC Coupled 





100* 
VBias = +0.71 Vde 


(Use High Impedance 
Probe to Adjust Vpjas) 


All input and output cables to the 
scope are equal lengths of 50 ohm 
coaxial cable. 


dc Supply 








ie 0.1 uF 


m : ; 
50 ohm termination to ground Non-inductive type. 


located in each scope channel input. 





FIGURE 2 — TOGGLE FREQUENCY WAVEFORMS 


TA = 25°C 
—+1.11 V 
Clock Input 
500 MHz ~-- +0.71 VBias 
— +0.31 V The maximum toggle frequency of the MC1690 has been 
exceeded when either: 
1. The output peak-to-peak voltage swing falls below 
600 millivolts, 
OR 
QordQ 2. The device ceases to toggle (divide-by-two). 
600 mV min 
Output 


Note: All power supply and logic levels are shown shifted 2.0 volts positive. 
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(A) MOTOROLA 


ELECTRICAL ae = ee 


iii iil a at 
Pm ® [~ | 
Current 
Input Current | tin, | — | — | 
JInput Leakage Current, | Ip | — | — | 
Reference Voltage | Vag _|-1375| ~1.27 ala 
ela] alaly al 
aii us : L SUFFIX 
ee eee : , CERAMIC PACKAGE 


CASE 620 
LOGIC DIAGRAM 








QUAD LINE RECEIVER 





Switching Times 
Propagation Delay 








Rise Time, Fall Time 
(10% to 90%) 





Aint 
Ain2 5 
Bint 
Bin2 6 


Cin1 10 ae a 
Cin2 11 Cout 


PIN ASSIGNMENT 
Aout 


Bout 


Din1-13 


15 p 
Din2 12 out 


Veci1 = Pin 1 
Vcc2 = Pin 16 
VEE = Pin 8. 


0.9 ns typ (510 ohm load) 
1.1 ns typ (50 ohm load) 





Hl 


Pp = 220 mW typ/pkg (No Load) 
Full Load Current, | = —25 mAdc max 
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MC1692 


APPLICATION INFORMATION 


The MC1692 quad line receiver is used primarily to 
receive data from balanced twisted pair lines, as indicated 
in Figure 1. The line is driven with a MC1660 OR/NOR 
gate. The MC1660 is terminated with 50 ohm resistors to 
~2.0 volts. At the end of the twisted pair a 100 ohm 
termination resistor is placed across the differential line 
receiver inputs of the MC1692. Illustrated in Figure 2 is 
the sending and receiving waveforms at a data rate of 
400 megabits per second over an 18 foot twisted pair 


cable. The waveform picture of Figure 3 shows a 5.0 
nanosecond pulse being propagated down the 18 foot 
line. The delay time for the line is 1.68 ns/foot. 

The MC1692 may also be applied as a high frequency 
schmitt trigger as illustrated in Figure 4. This circuit has 
been used in excess of 200 MHz. The MC1692 when 
loaded into 50 ohms will produce an output rising edge 
of about 1.5 nanoseconds. 


FIGURE 1 — LINE DRIVER/RECEIVER 


1/2 
MC1660 18 Ft 








Pair 


FIGURE 2 — 400 MBS WAVEFORMS 


Ree eee 
coxing SP 
End po CS 
2.0 ns/em pn 

peepee 


) * aren wa 







Twisted 


= —5.2 Vdc 


FIGURE 3 — PULSE PROPAGATION WAVEFORMS 


EE 

Sending bal PF] Pe] 

~ NZS 
Namie Cote 


5.0 ns/em 






iz | 
ee \ | 
“ BERS ESEEe 


FIGURE 4 — 200 MHz SCHMITT TRIGGER 


VEE = —5.2V 







ABNENS 


1/4 
MC1692 





(AA) MOTOROLA 


4-BIT SHIFT REGISTER 


The MC1694 is a 4-bit register capable of shift rates up to 325 
MHz (typical) in the shift-right mode, accepting serial data at either 
data input D1 or D2. A master reset and individual set inputs 
override the clock allowing asynchronous entry of information. 


DC Input Loading Factors 
Reset = 2.5 Set = 1.0 
Clock = 1.6 Data = 0.9 
DC Output Loading Factor = 70 
Total Power Dissipation = 750 mW typ/pkg 
Shift Frequency = 325 MHz typ 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Power Supply Drain Current 


Input Current 
Pin 9 
Pin 7 
Pins 2, 3, 6, 10 
Pins 14,15 
Switching Times. 
Propagation Delay . 
Clock ri 
Set, Reset: 


Rise Time (10% to 90%) 
Fall Time (10% to 90%) 
Shift Rate ts 


LOGIC DIAGRAM 


Pin 1 
Pin 16 
Vee = Pin 8 
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MC1694 


BEING DISCONTINUED 
(LIFETIME BUY UNTIL JUNE 14, 1989) 


4-BIT SHIFT REGISTER 


16 , 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





FLIP-FLOP TRUTH TABLE 


Inputs 


° 










a 


Qn—1 


eae 


O 
3 


a4 





pen-fee- 





() mororo.a 


1.0 GHz DIVIDE-BY-FOUR 
PRESCALER 


The MC1697 is a divide-by-four gigahertz prescaler in an 8 pin 
package. The clock input requires an ac coupled driving signal of 
800 mV amplitude (typical). The clock toggles two divide-by-two 


stages, and the complementary outputs (50% duty cycle) are taken 
from the second stage. 

The complementary outputs are capable of driving 50 ohm 
lines. 

Pin 6 is available for connection of a decoupling capacitor to 
ground. This capacitor stabilizes the reference point which is inter- 
nally coupled to the clock input. 


ELECTRICAL CHARACTERISTICS 


MC1697P Test Limits 
Symbol Min | Max 


Characteristic 


Toggle Frequency 
(high frequency operation) 


Toggle Frequency 
(low frequency sine wave 
input) 


LOGIC DIAGRAM 


Power Dissipation — 320 mW Typ/Pkg 


(No Load — 7.0 V Supply) 


DO DO 
Clock 4 ) > C c a 


Bias 
Bias Point 6 Voltage 
Generator 
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MC1697 


BEING DISCONTINUED 
(LIFETIME BUY UNTIL JUNE 14, 1989) 


1.0 GHz DIVIDE-BY-FOUR 
PRESCALER 


r 


P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 CASE 693 


PIN ASSIGNMENT 





MC1697 


COUNT FREQUENCY TEST CIRCUIT 


Vcc1 = Vcc2 


Vin +2.0 Vdc Viciie 








Coax 25 uF Tr Coax 
0.01 uF 
Input 


Pulse Generator 0.1 uF 
800 mV peak-to-peak typ Chip 
Capacitor 


_ All input and output cables to the 
scope are. equal lengths of 50 ohm 0.1 pF 
coaxial cable. Wire length should be T 
< 1/4 inch from TPjp to input pin and 
TPout to output pin. 


Unused outputs connected to a 50 
ohm resistor to ground 


VEE 
—5.0 Vde 


Note: All power supply and logic levels are shown shifted 2.0 volts positive. 


TIMING DIAGRAM 









1600 Wa : 
Typical Operating 


Envelope With 
Sine Wave Input 


~\ 


1400 


1200 









1000 
Guaranteed 
Operating 
Envelope with 
Sine Wave Input 


800 
600 


Sine Wave Input (mVp-p) 


400 


S 
OX 


Vie A A AA | Ze 


100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 


200 








Frequency (MHz) 


APPLICATION INFORMATION METHOD OF INTERFACING MC1697 WITH STANDARD 


: ; bo MECL CIRCUITS 
The MC1697 is a very high speed divide-by-four pres- . 


caler designed to operate on a nominal supply voltage Live 

of —7.0 volt. In some applications it may be necessary = = ao ee 
to interface the output of the MC1697 with other MECL 
circuits requiring a supply voltage of —5.2 volts. One 
method of interfacing the circuits is shown below. This 
configuration is adequate for frequencies up to 1.0 GHz 


over the temperature range of 0° to + 75°C. For best per- 
formance it is recommended that separate regulated sup- 











Vec Vcc 
QO 


Vcc Vcc 








Standard 
MECL 
Circuit 


MC1697 


plies be used. 


-7.0V 


Set to —5.2 V 
Select Transistor based on current 
requirement of MECL circuits. 


-7.0V 
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BEING DISCONTINUED 
(LIFETIME BUY UNTIL JUNE 14, 1989) 


(AA) MOTOROLA MC1699 





DIVIDE-BY-FOUR DIVIDE-BY-FOUR 
GIGAHERTZ COUNTER GIGAHERTZ COUNTER 


The MC1699 is a divide-by-four gigahertz counter. The clock 
input requires an ac coupled driving signal of 800 mV amplitude 
(typical). The clock toggles two divide-by-two stages, and the L SUFFIX 
complementary outputs (50% duty cycle) are taken from the sec- CERAMIC PACKAGE 
ond stage. . CASE 620 
The MC1699 includes clock enable and reset. The reset is com- 
patible with MECL III voltage levels. The enable input requires a 
Vit of —2.0 V max. Reset operates only when either the clock or 
the enable is high. Redes 
: : : : . . PLASTIC PACKAGE 
Pin 11 (13) is available for connection of a decoupling capacitor CASE 648 
to ground. This capacitor stabilizes the reference point which is 
internally coupled to the clock input. 


PIN ASSIGNMENT 


Vcc = Pin 16 LOGIC DIAGRAM 
Vcc2 = Pin 1 

VEE = Pin8 

Bias Point = Pin 11 





Clock 7 
Enable 4 











ELECTRICAL CHARACTERISTICS 


















Characteristic Symbol Conditions 
Power Supply Drain IE 
Current 








Input Current linH 
Reset 
Enable 





Veg to Clock. 
ViLmin to Reset, Vidmax to 
Enable, Veg to Clock. 


VOH ; : | -07 | Vde | See Note 2. Or, apply P1 to Reset 


and ViHmax to Enable (See Test 

























‘ 


Logic ‘1’ Output Voltage 



























Logic “0” Output Voltage bel — Vdc Canditions belen) 
Toggle Frequency Tog 1.0 GHz 





(high frequency Vit! to Enable 




















operation) Satine a 
See Test Circuit and Application 

Toggle Frequency Tog | — MHz | Information. 

(low frequency sine 

wave input) 
1. Enable input requires Vip = —2.0 V max. Pq ViHmax 
2. Reset counter by applying pulse P1 to pin 14, then toggle outputs by applying pulse P2 to pin 4 for 2 cycles. 7 Vitmin 

Hold power during pulse sequence. Hold clock input @ Ver. P2 —__ 7 ViHmax 

—~Vip = -2.0V1 


Test Conditions: Vcc, = Vcc2 = 0, Veg = 7.0 Vde 





MC1699 


TIMING DIAGRAM 


Enable : 
| | 


TOGGLE FREQUENCY TEST CIRCUIT 


Vcec1-— Vec2 
Vin +2.0 Vdc Vout 
O) 












Coax 25 ME aR Coax 
0.01 WF 
Pulse Generator Input He, 







800 mV peak to peak typ 
0.1 WF 
Chip Capacitor 


Note: All power supply and logic levels 

All input and output cables to the are shown shifted 2 volts positive. 

scope are equal lengths of 50-ohm 

coaxial cable. Wire length should 9.1 MF 

be < 1/4 inch from TP;,, to input al A 

pin and TPoy- to Output pin. VEE 
-5.0 Vdc 


Unused outputs connected toa 
50-ohm resistor to ground. 
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APPLICATION INFORMATION 


The MC1699 is a very high speed divide-by-four 
counter intended for prescaler applications. The reset 
provides increased flexibility for counter and time mea- 
suring requirements. 

The clock input is designed to accept a capacitor- 
coupled sine wave signal for frequencies above 
100 MHz. Below 100 MHz waveshaping is recom- 
mended to obtain good MECL Hil or MECL 10,000 edge 
speeds. 

With a continuous input signal the clock can be capac- 


itor-coupled with no problems. However, if the clock is 
interrupted and the clock input floats to the bias point 
reference voltage, the counter may oscillate. To prevent 
this oscillation, an external resistor can be added as 
shown in Figure 1. This resistor is recommended only 
when the clock is interrupted and serves no useful func- 
tion with a continuous signal. Also, this external resistor 
is not required when the enable input is used to gate the 
clock signal. 


FIGURE 1 


Input Signal 
(800 mVp-p typ) 


ext 


Vcc 


MC1699 
Cc 
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MECL Memories 
Selector Guide || Data Sheets 








MECL Memories 
INTEGRATED CIRCUITS 


Organization Access Organization | Access - 
Device (Word x Bit) Time Case Device — (Word x Bit) Time Case 
ECL 10K, 10KH PROMS ee 


MC10H145 16x4 MCM10139_  324+8 - 620, 650 
MCM10143 8x2 MCM10149* 25 256+4 |. 620, 650 
MCM10144 256 x 1 MCM10149* 10 256+4 | - 620 
MCM10145 16x 4 = a 













MCM10146 1024 x 1 
MCM10147 128 x 1 


MCM10148 64x 1 
MCM10152 256 x 1 








(A) MOTOROLA 


MECL 


256-BIT PROGRAMMABLE READ ONLY MEMORY 


(PROM) 


The MCM10139 is a 256-bit programmable read only memory 


32 X 8 BIT PROGRAMMABLE 
READ-ONLY MEMORY 


(PROM). The circuit is organized as 32 words of 8 bits. Prior to 
programming, all stored bits are at logic O (low) levels. The logic 
state of each bit can then be changed by on-chip programming 
circuitry. The MCM10139 has a single negative logic chip enable. 
When the chip is disabled (GS = high), all outputs are forced to 


a logic 0 (low). 


The MCM10139 is fully compatible with the MECL 10,000 
logic family. It is designed for use in microprogramming, code 


conversion, logic simulation, and look-up table storage. 


Pp = 520 mW typ/pkg (No Load) 
tAccess = 15 ns typ (Address Inputs) 


LOGIC DIAGRAM 


32x 8 
Array and 
Associated Drivers 


Vec = Gnd 
Veg = -5.2 Vde 
Sense 
Amplifier 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


<< 


F SUFFIX 
CERAMIC PACKAGE 
CASE 650 


PIN ASSIGNMENT 


Sense 
Amplifier 








| - ~_MCM10139 


ABSOLUTE MAXIMUM RATINGS 


[ting ide vee ne] 
Base Input Voltage (Vcc = 0) Vin 


| Vin 
Output Source Current — Continuous a eS mAdc 
— Surge <100 ie 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. . 













E LECTRICAL CHARACTERISTICS 


Oe SAR — nO 
(Volts) 

Pc | -0240 | -1.870 | -1.145 | -1490 |. -6.2 

| -0.810 | -1850 | -1.105 | -1475 | -5.2 | 

| -0.720 | -1.830 | -1.045 | -1.450 | -5.2 | 


Each MECL Memory circuit has been 
designed to meet the dc and ac specifications 
shown in the test table, after thermal equili- 
brium has been established. The circuit is in 
a test socket: or mounted on a printed circuit 
board and transverse air flow greater than 500 
linear fom is maintained. Outputs are ter- 
minated through a 50-ohm resistor to -2.0 volts. 












MCM10139 Test Limits 


DC Characteristics Conditions 


Power Supply Drain Current 140 | mAdc | Typ leg @ 25°C = 100 mA. All out- 
puts and inputs open. Measure pin 8. 


uAdc | Test one input at a time, all other 
Pa dn . inputs are open. Vin = ViH. 
Input Current Low _ link uAdc | Test one input at a time, all other 
_inputs are open. Vin = VIL. 
Logic “"1"’ Vou |-1.000 -0.840 | -0.960} -0.810] -0.900] -0.720| Vdc | Load 50 2 to-2.0V. 
Output Voltage 
Logic “‘0’’ OL |-2.010 -1.665 Vdc 
Output Voltage ; 
Logic “1"’ VOHA ~0.980 ' Vde | Threshold testing is performed and 
Threshold Voltage guaranteed on one input at a time. 
| 





Vin = ViLH Or VILA. | 
Load 50 9 to -2.0V. 


Logic “0” . VOLA 
Threshold Voltage 


Chip Select Access Time See Figures 2 and 3. 

Chip Select Recovery Time tRcs Measured from 50% of input to 50% 
Address Access Time 7 taAA of output. See Note 2. 

Output Rise and Fall Time ty, tf : Measured between 20% and 80% points, 
Input Capacitance Cin 

Output Capacitance Cout 





Notes: 1. Contact your Motorola Sales Representative for details if extended temperature operation is desired. 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the memory. 


eBa4 


MCM10139 






FIGURE 1 — SWITCHING TIME TEST CIRCUIT 





tr = tf = 2.0 ns typ 


All timing measurements referenced to 50% of input levels. 
All outputs loaded 50 ohms to — 2.0 Vdc. . 


50 


— 2.0 Vde 


FIGURE 2 — CHIP SELECT ACCESS TIME 


Chip Select 
cs 





tacs 





FIGURE 3 — ADDRESS ACCESS TIME 


Address 





55 





RECOMMENDED PROGRAMMING PROCEDURE* 


The MCM10139 is shipped with all bits at logical ‘‘0’’ (low). To write logical ‘‘1s’’, proceed as follows. 


MANUAL (See Figure 4) 
Step 1 Connect Veg (Pin 8) to -5.2 V and Vcc (Pin 16) to 
0.0 V. Address the word to be programmed by applying 
-1.2 to -0.6 volts for a logic ‘'1"’ and -5.2 to -4.2 volts for a logic 
“0” to the appropriate address inputs. 

Step 2 Raise Vcc (Pin 16) to +6.8 volts. 

After Vcc has stabilized at +6.8 volts (including any 
ringing which may be present on the Vcc line), apply 
a current pulse of 2.5 mA to the output pin corresponding to the 
bit to be programmed to a logic “1”. 


Step 3 


Step 4 Return Vcc to 0.0 Volts. 


CAUTION 

To prevent excessive chip temperature rise, Vcc should not 

be allowed to remain at +6.8 volts for more than 1 second. 
Step 5 Verify that the selected bit has programmed by con- 
necting a 460 2 resistor to -5.2 volts and measuring 
the voltage at the output pin. If a logic “1” is not detected at the 
output, the procedure should be repeated once. During verification 
Vit should be - 1.0 to -0.6 volts. 
Step 6 if verification is positive, proceed to the next bit to 
be programmed. 


AUTOMATIC (See Figure 5) 


Connect Veg (Pin 8) to -5.2 volts and Vcc (Pin 16) 
to 0.0 volts. Apply the proper address data and raise Vcc 
(Pin 16) to +6.8 volts. 


Step 1 


After a minimum delay of 100 us and a maximum delay 
of 1.0 ms, apply a 2.5 mA current pulse to the first bit to 
be programmed (0.1 < PW < 1 ms). 


Step 2 


Step 3 Repeat Step 2 for each bit of the selected word specified 


as a logic ‘’1’’. (Program only one bit at a time. The delay 


_ between output programming pulses should be equal to or less than 


1.0 ms:) 


After all the desired bits of the selected word have been 
programmed, change address data and_ repeat 
Steps 2 and 3. . 


Step 4 


NOTE: If all the maximum times listed above are maintained, the 
entire memory will program in less than 1 second. Therefore, it 
would be permissible for Vcc to remain at +6.8 volts during the 
entire programming time. 


After stepping through all address words, return Vcc to 
0.0 volts and verify that each bit has programmed. If one 


Step 5 


or more bits have not programmed, repeat the entire procedure 


once. During verification Vjj4 should be -1.0 to -0.6 volts. 


*NOTE: For devices that program incorrectly—return serialized units with individual truth tables. Noncompliance voids warranty. 


PROGRAMMING SPECIFICATIONS 


Power Supply Voltage 

To Program 

To Verify 
Programming Supply Current 
Address Voltage 

Logical ‘'1” 

Logical ’’0’’ 


Maximum Time at Vcc = Vccp 


VEE 
Vccp 
Vccv 


Vi Program 
Vin Verify 


Output Programming Current , 
Output Program Pulse Width 


Output Pulse Rise Time 
Programming Pulse Delay (1) 


Following Vcc change 
Between Output Pulses 





NOTE 1. Maximum is specified to minimize the amount of time Vcc is at +6.8 volts. 








FIGURE 4 — MANUAL PROGRAMMING CIRCUIT 


+6.8V 0.0 V 


Program O Verify 


(Momentary) 


Address 


Outputs 


aan 
ay 


7.5k 
(Alt Outputs) 





FIGURE 5 — AUTOMATIC PROGRAMMING CIRCUIT 





Address | | I | 


Output 


<1 Second 
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(AA) MOTOROLA 


MECL 


8 x 2MULTIPORT REGISTER FILE 


(RAM) 8 x 2 MULTIPORT REGISTER 


The MC10143 is an 8 word by 2 bit multiport register file (RAM) FILE (RAM) 


capable of reading two locations and writing one location simul- 
taneously. Two sets of eight latches are used for data storage in 
this LSI circuit. 


WRITE 
Awrite occurs on the positive to negative transition of the clock. 
Data is enabled by having the write enable (of each bit to be 
written) low when the clock transition is made. The written infor- 
mation is seen at the output on the negative to positive clock 
‘transition provided the read enable (of each bit) is at a low level. 
To inhibit a bit from being written, the write enable of that bit 
must be at a high level when the clock goes to a low state and 
must remain high until clock goes high. The operation of the clock 
- and write enables can be reversed. While the clock is low, a pos- 
itive to negative transition of the write enable will write into the 
bit addressed by Ag-Agz. The data is seen at the output on the 
negative to positive transition of the clock, provided the read 
enable is low. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


READ 

When the clock is high any two words may be read out simul- 
taneously, as selected by addresses Bg-Bg2 and Cg—Cg, including 
the word written during the preceding half clock cycle. When the 
clock goes low the addressed data is stored in the slaves. Level 
changes on the read address lines have no effect on the output 
until the clock again goes high. Read out is accomplished at any 
time by enabling output gates (Bg-B 4), (Cg—C7). 


PIN ASSIGNMENT 


tod: 

CLock to Data out = 5 ns (typ) 
(Read Selected) 

Address to Data out = 10 ns (typ) 
(Clock High) 

Read Enable to Data out = 2.8 ns (typ) 
(Clock high, Addresses present) 

Pp = 610 mW/pkg (typ no load) 


TRUTH TABLE 
aS a ee eT a 


erxresr 


**Note: Clock occurs sequentially through Truth Table 
*Note: AO-A2, BO-B2, and CO-C2 are alf set to same address location 
throughout Table. 
@ = Don't Care 





ml 

m 

@ 
© 


Bo o 


Ba 


Clock © 


A0 o 
A1 oO 


A20 


= 
O OQ. 


oO 
O 


mi 
m 
Oo 


MCM10143 


BLOCK DIAGRAM 








































Multi- 2 
6 plexer O QB, 
5 Read B-bit 1 
Decoder 
2 B 
3 
fy 5 aus 
Write re 
sd Amplifier 8x1 
10 Master Latches 
Bit O 
19 
14 Mie 
rite 
2 Decoder 
IL 
8 Write 8x1 
Amplifier [| Master Latches 
We Bit 1 Bit 1 








Multi- 
plexer 
C-bit 1 


Slave Output 
| C-bit 1 Gate O OC, 


C-bit 1 





af Read 
= Becone 
18 
ss Output 
Slave hg Ghee 21 Ae 
C-bit O C-bit 0 fe) 
20 








ABSOLUTE MAXIMUM RATINGS 


Output Source Current — Continuous 


— Surge 





Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 


ELECTRICAL CHARACTERISTICS 


DC TEST VOLTAGE VALUES 
et WR dc 
Test 
ee ee) . 


0°c -0.840 |  -1.870 1145 | -1490 | -5.2__ 
-0.810 | -1.850 -1.108 


ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 









Input Current 
Pins 10, 11, 19 
All other pins 
Switching Times O 
Read Mode 
Address input tgataBpt 
Read Enable tRE-QB+ 
Data tClock +QB- 
Setup 
Address 
Hold 


Address 
Write Mode 


Setup 


Write Enable — tsetup (WE -Clock +) 
Write Disable ‘tsetup(WE +Clock—) 
Address tsetup(A —Clock +) 
Data tsetup(D —Clock + 
Hold 
Write Enable thold(Clock - WE +) 
Write Disable thold (Clock +WE -) 
Address thold(Clock +A +) 
Data thold(Clock + D +) 
Write Pulse Width 


Rise Time, Fall Time 
(20% to 80%) 





@ac timing figures do not show al! the necessary presetting conditions. 
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READ TIMING DIAGRAMS 


Access (Clock High) FIGURE 1 





QB 
Enable 


RE i a “a FIGURE 2 


























Data 
(Address Selected) 4 FIGURE 3 
t = 
aia Clock+QB 
Setup and Hold B FIGURE 4 
Clock | 
tsetup thold 
WRITE TIMING DIAGRAM 
Enable Setup 
WE FIGURE 5 
Clock 
Enable Hold 
ge FIGURE 6 
Ctock thoid 
Disable 

WE FIGURE 7 

Clock 

Pulse Width 

Hisce FIGURE 8 
-_ t >> thoid 
WE 

Address FIGURE 9 
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(AA) MOTOROLA - | ~MCM10144 


MECL 


256 x 1-BIT RANDOM ACCESS MEMORY 
256 X 1-BIT 
RANDOM ACCESS 


The MCM10144 is a 256 word x 1-bit Read/Write Random MEMORY 


Access Memory. Data is accessed or stored by means of an 8-bit 
address decoded on chip. It has a non-inverting data out, a separate 
data in line and 3 active-low chip select lines. It has a typical access 
time of 17 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications. 


@ Typical Address Access Time = 17 ns 
Typical Chip Select Access Time = 4.0 ns 
Operating Temperature Range = 09 to +75°C 


Open Emitter Output Permits Wired-OR for Easy Memory 
Expansion 


50 kQ2 Input Pulldown Resistors on Chip Select 

Power Dissipation Decreases with Increasing Temperature 
Fully Compatible with MECL 10,000 Logic Family 
Pin-for-Pin Replacement for F10410 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 


BLOCK DIAGRAM 





Data Out 
Buffer Select 


Sense 
Amey PIN NOTATION 
cS Chip Select Input 
AO thru A7 Address Inputs 
Din Data Input 
Dout Data Output 
Write Enable tnput 


32x8 
Memory Cell 
Array 


Write And 
Data In Buffer 





Word Address Buffer/ 
1/32 Decoder 


TRUTH TABLE 

Bit Address Buffer/ | move | INPUT OUTPUT 
1/8 Decoder F 

Vcc = Pin 16 


Veg =Pin 8 
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MCM10144 


FUNCTIONAL DESCRIPTION: The operating mode of the RAM (CS inputs low) is 


The MCM10144 is a 256 word x 1-bit RAM. Bit selec- controlled by the WE input. With WE low the chip is 
tion is achieved by means of an 8-bit address AO thru A7. in the write mode—the output is low and the data present 

The active-low chip select allows memory expansion up at Din is stored at the selected address. With WE high the 
to 2048 words. The fast chip select access time allows chip is in the read mode—the data state at the selected 
memory expansion without affecting system performance. memory location is presented non-inverted at Dou: 


ABSOLUTE MAXIMUM RATINGS ; 
[CRating ———SSS*d Sym [valve Unit ‘| 
Power Supply Voltage (Vcc = 0) | Vee =| 8 t00 | Ve 

[Vin | Ore Vee | Veo 
Output Source Current — Continuous 


< 50 mAdc 
=— Surge < 100 


VEE 
Vin 
Storage Temperature Range -55 to +150 


DC TEST VOLTAGE VALUES 
(Volts) 
Test 
Temperature VitHmax ViLmin ViHAmin ViLAmax VEE 
0°c . 


-0.810 -1.850 -1.105 -1.475 


















Base Input Voltage (Vcc = 0) 









ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 













MCM10144 Test Limits 


+25°C 


Cc 
ts . ean no on 
220 








DC Characteristics 





Power Supply Drain Current 










Test one input at a time, all 
other inputs are open. 
Vin = VIH. 


Input Current High 




















Input Current Low 


| Min 
| 1 
All outputs and inputs open. 
econ! oe 
link 5 0.5 0.3 LAdc |\Test one input at a time, all 
ce a other inputs are open. 
Vin = VIL: 
Logic ‘1°’ a VOH ~1,.000 {-0.840 {-0.960 -0.810 | -0.900 | -0.720 Vde |Load 50 2 to-2.00 V 
Logic ‘‘0"’ VOL -1.870 | -1.665 | -1.850 | -1.650 | -1.830 | -1.625 Vde 
Logic ‘*1°’ VOHA | -1.020 -0.980 -0.920 Vdc |Threshold testing is performed 
Logic ‘‘0’’ VOLA -1.645 -1.630 -1.605 | Vdc |@ time. Vin = VIHA or VILA; 














20 
20 


Load 50 2 to -2.0 V. 





at 


| : MCM10144 
SWITCHING CHARACTERISTICS (Ta = 0° to +75°C, Veg = -5.2 Vdc + 5%; Output Load see Ficus 1; see Note 1 & 3.) 


Characteristic — Symbol rane ae eT Conditions — 


Read Mode - ° YBa See Figures 2 and 3, 
Chip Select Access Time : d | ’ Measured from 50% of input to 50% of 
Chip Select Recovery Time es ; O° i output. See Note 2. 
Address Access Time 


Write Mode 
Write Pulse Width : twsA = 8.0 ns 
Data Setup Time Prior to Write : d Measured at 50% of input to 50% of 
Data Hold Time After Write . ‘ output. c= 
Address Setup Time Prior to Write . ~—«8B. ty = 25 ns. See Figure 4. 


Address Hold Time After Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 
Rise and Fall Time . Measured between 20% and 80% points. 
Output Rise and Fall Time : . ; When driven from Address inputs. 
Output Rise and Fall Time : ‘ .When driven from CS or WE inputs. 
Capacitance . 
Input Capacitance 
Output Capacitance 





Notes: (1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. .. 
(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
(3) For proper use of MECL Memories in a system environment, consult: ‘‘MECL System Design Handbook.” 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 








O 
O 
6 
INPUT LEVELS 
O 
UO 
6 
O —_— —_— 
tr = tf = 2.0 ns typ. 
O 
O All timing measurements referenced to 50% of input levels. 
v Rr = 500 
- CL < 5.0 pF (including jig and stray capacitance) 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
@ 
‘QO 
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MCM10144 


FIGURE 2 — CHIP SELECT ACCESS TIME 


Chip Select 


cs 





FIGURE 3 — ADDRESS ACCESS TIME 


Address 





FIGURE 4 — WRITE MODE 


Address 





Chip Select 


Din 


Write Enable 


Dout 
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(AA) MOTOROLA 


64-BIT REGISTER FILE 
(RAM) 

The MCM10145 is a 64-Bit RAM organized as a 16 x 4 array. 
This organization and the high speed make the MCM10145 particu- 
larly useful in register file or small scratch pad applications. Fully 
decoded inputs, together with a chip enable, provide expansion 
of memory capacity. The Write Enable input, when low, allows 
data to be entered; when high, disables the data inputs... The Chip 
Select input when low, allows full functional operation of the 
device; when high, all outputs go to a low logic state. The Chip 
Select, together with open emitter outputs allow full wire-ORing 
and data bussing capability. On-chip input pulldown resistors 
allow unused inputs to remain open. 

Typical Address Access Time = 10 ns 

Typical Chip Select Access Time = 4.5 ns | 

Operating Temperature Range = 0° to +75°C 

50 kQ2 Pulldown Resistors on All Inputs 

Fully Compatible with MECL 10,000 


Pin-for-Pin Compatible with the F10145 


BLOCK DIAGRAM 
Q1 


Data Data Chip 
Out Out Select 
Buffer Buffer Buffer 


16 x 4 Memory 
Cell Array 


~s 
Be 
be 
3 8 
a o 
go 
Se 
ve 
<{ 


Write and 
Data In Buffer 
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MECL 


64-BIT REGISTER 
FILE 
(RAM) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





PIN ASSIGNMENT 


16 |} Vcc (Gnd) 


PIN NOTATION 


cs Chip Select Input 


AO thru A3 Address Inputs 
DO thru D3 Data Inputs 


QO thru Q3 Data Outputs 


WE Write Enable Input 


TRUTH TABLE 


INPUT OUTPUT 


@ = Don’t Care. 





MCM10145 


FUNCTIONAL DESCRIPTION: The operating mode of the RAM (CS input low) is 
The MCM10145 is a 16 word x 4-bit RAM. Bit selec- controlled by the WE input. With WE low the chip is 
tion is achieved by means of a 4-bit address AO thru A3. in the write mode—the output is low and the data present 
The active-low chip select allows memory expansion up at Dr is stored at the selected address. With WE high the 
to 32 words. The fast chip select access time allows chip is in the read mode—the data state at the selected 
memory expansion without affecting system performance. memory location is presented non-inverted at On. 


ABSOLUTE MAXIMUM RATINGS 


Base Input Voltage (Vcc = 0) 
Output Source Current — Continuous aa Se 
- Surge < 100 


DC TEST VOLTAGE VALUES 
(Volts) 
























Test 
Temperature 


ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equl- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 








MCM 10145 Test Limits 





Conditions 
Typ IgE @ 25°C =90 mA 
All outputs and inputs open. 
Measure pin 8. 


OC Characteristics 


Power Supply Drain Current 





Input Current High 
other inputs are open. 


Vin* VIH. 


0.3 uAdc {Test one input at atime, all 
other inputs are open. 
Vin VIL: 


Vde |Load 50 82 to -2.0 V 

Vde 

Vde |Threshold testing is performed 
and guaranteed on one input at 

V 


Input Current Low 


Logic “1” -0.810 | -0.900 | -0.720 
Output Voltage 
Logic ‘‘0” : -1.650 | -1.830 | -1.625 
Output Voltage 
Logic "1" ? -0.920 
Threshold Voltage 
Logic *‘0"’ -1,605 dc j4 time. Vin = VIHA OF VILA; 
Threshold Voltage Load 50 2 to -2.0 V. 





MCM10145 
SWITCHING CHARACTERISTICS (Ta = 0° to +75°C, Veg = —5.2 Vdc +5°; Output Load see Figure 1; see Note 2.) 


| __cnacrninic | samba [ain [Toe | tr] une | contre 
Read Mode | | ie re See Figures 2 and 3. es 
Chip Select Access Time . 8.0 Measured from 50% of input to 50% of 
Chip Select Recovery Time : 8.0 output. See Note 1. 


Address Access Time 15 


Write Mode 
Write Pulse Width twsa =5ns 
Data Setup Time Prior to Write Measured at 50% of input to 50% of 
Data Hold Time After Write i output. z 
Address Setup Time Prior to Write . ; tw = 8 ns. See Figure 4. 
Address Hold Time After Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 
Chip Enable Strobe Mode 
Data Setup Prior to Chip Select Guaranteed but not tested on standard 
Write Enable Setup Prior to Chip ; product. See Figure 5. 
Select 
Address Setup Prior to Chip Select 
Data Hold Time After Chip Select 
Write Enable Hold Time After Chip 
Select 
Address Hold Time After Chip Select 
Chip Select Minimum Pulse Width 
Rise and Fall Time Measured between 20% and 80% points. 
Address to Output 
CS to Output 
Capacitance 
Input Capacitance 
Output Capacitance 





Notes: 
1. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 
2. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 


Vcc 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 





Input Pulse 
tr = te = 2.0 ¢ 0.2 ns 
(20 to 80%) 


Vout 


Rt CL 


| So) 


Vin = -0.9 V 
Vit =-1.7V 


-2.0 V 


Unused outputs connected to a 50-ohm resistor to ground. 
All timing measurements referenced to 50% of input levels. 
Ry = 50 2 

Cy. < 5.0 pF (Including Jig and Stray Capacitance) 

Delay should be derated 30 ps/pF for capacitive loads up to 50 pF. 


2 Ba 8 


MCM10145 


FIGURE 2 — CHIP SELECT ACCESS TIME FIGURE 3 — ADDRESS ACCESS TIME 


Address 


Chip Select 


cs 





FIGURE 4 — WRITE MODE 


Address 


Chip Select 


Write Enable 


Dout 





FIGURE 5 — CHIP ENABLE STROBE MODE 





(AA) MOTOROLA 


1024 x 1-BIT RANDOM ACCESS MEMORY 


The MCM10146 is a 1024-bit Read/Write Random Access Mem- 
_ory organized 1024 words by 1 bit. Data is selected or stored by 

means of a 10-bit address (AO through AQ) decoded on the chip. 
The chip is designed with a separate data in line, a non-inverting 
data output, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, con- 
trol, cache and buffer storage applications. 

Fully Compatible with MECL 10,000 

Temperature Range of 0° to 75°C (see note 1) 

Emitter-Follower Output Permits Full Wire-ORing (see note 3) 

Power Dissipation Decreases with Increasing Temperature 

Typical Address Access of 24 ns 


Typical Chip Select Access of 4.0 ns 


PIN DESIGNATION 
cs Chip Select Input 
AO to AQ Address Inputs 
Djn Data Inputs 
Dout Data Output 
WE ‘Write Enable input 


BLOCK DIAGRAM 


Data Out Chip 
Buffer ; Select 


Sense 
Amplifier 


32 x 32 
Memory Cell 
Array © 


Write And 
Data In Buffer 


1/322 Word Address 
Buffer/Decoder 


1/32 Bit Address 
Buffer/Decoder 


Vege =Pin8 
Vcc =Pin 16 
AS A6 A7 AB AQ 
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MCM10146 


MECL 


1024 X 1-BIT 
RANDOM ACCESS 
MEMORY 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


ORDERING INFORMATION 
Suffix Denotes 


MCM10146 ~— L Ceramic Dual-in-Line Package 
— F Ceramic Flat Package 


PIN ASSIGNMENT 


TRUTH TABLE 


eee oe a 
ES DOC HITE 

peed seal ole alien 
Pomoesf » fe |e] 


@ = Don't Care. 













MCM10146 





FUNCTIONAL DESCRIPTION: 


This device is a 1024 x 1-bit RAM. Bit selection is achieved by 
means of a 10-bit address, AO to AQ. 

The active-low chip select is provided for memory expansion up 
to 2048 words. 

The operating mode of the RAM (CS input low) is controlled by 
the WE input. With WE low, the chip is in the write mode, the out- 
put, Doyz, is low and the data state present at Dj, is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non- 


inverted at Dot. (See Truth Table) 


ABSOLUTE MAXIMUM RATINGS 





Output Source Current — Continuous 
— Surge 


Storage Temperature Range 


DC TEST VOLTAGE VALUES 
Ot RO co 
Test 
po Ore 


0°C -0.840 -1.870 -1,.145 -1,490 
-0.810 -1.850 -1.105 
-0.720 -1.830 -1,045 












ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fom is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 





MCM10146 Test Limits 


DC Characteristics | Max Conditions 


Power Supply Drain Current 150 Typ leg @ 25°C = 100 mA 
20 


All outputs and inputs open. 
—— 


Measure pin 8. 


ath 
ca 220 220 Test one input at a time, all 
other inputs are open. 
Vin= VIH. 
0.3 bLAdc |Test one input at a time, all 
other inputs are open. 
A eee 


Input Current Low 0.5 
Output Voltage 
Output Voltage 

Logic ‘’1" : pee eee Threshold testing is performed 
Threshold Voltage and guaranteed on one input at 

Logic “0” Vde {@ time. Vin = VIHA OF VILA. 
Threshold Voltage Load 50 82 to -2.0 V. 
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MCM10146 


FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 


TESTING CONDITIONS INPUT LEVELS 


INPUT LEVELS 


MCM10146 
ty = te = 2.6 ns Typ. 


All Timing Measurements Referenced to 50% of Input Levels 
Cy, < 5.0 pF including Jig and Stray Capacitance 
Rr = 5020 
For Capacitance Loading < 50 pF, Delay Should be 
Derated by 30 ps/pF 





Guaranteed with Veg = -5.2 Vde + 5.0%, Ta = 0°C to 75°C (see Note 1). Output Load see Figure 1. 


MCM10146 Test Limits 
Characteristic Conditions 


Symbol | Min | Typ | Max _| 
Read Mode See Figures 2 and 3. 


Chip Select Access Time tACcS 2.0 4.0 7.0 ns Measured at 50% of input to 50% of output. 
tRCS 2.0 4.0 7.0 ns See Note 2. 
tAA 8.0 24 29 





























Chip Select Recovery Time 
Address Access Time 
Write Mode 


Write Pulse Width | 
(To guarantee writing) 












See Figure 4. 


twsA = 8.0 ns. 
Measured at 50% of input to 50% of output. 





Data Setup Time Prior to Write 

Data Hold Time After Write 

Address Setup Time Prior to Write 
Address Hold Time After Write 

Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 



























Measured between 20% and 80% points. 
When driven from CS or WE inputs. 
When driven from Address inputs. 


Rise and Fall Time 

Output Rise and Fall Time 
Output Rise and Fall Time 
Capacitance Measured with a pulse technique. 


Input Lead Capacitance 






Output Lead Capacitance 





Notes: 


(1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: ‘‘MECL System Design Handbook.” 
(4) Typical limits are at VEE = -5.2 Vdc, Ta = 25°C and standard loading. 
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FIGURE 2 — CHIP SELECT ACCESS TIME 


Chip Select cs 


Dout 





Data Output 


FIGURE 3 — ADDRESS ACCESS TIME 


Address Input 


Data Output 





FIGURE 4 — WRITE STROBE MODE 


Address Input 





Chip Select 


Data Input 


Write Enable 


Data Output 
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(AA) MOTOROLA 


128 x 1-BIT RANDOM ACCESS MEMORY 


The MCM10147 is a 128-word x 1-bit Read/Write Random Access 
Memory. Data is accessed or stored by means of a 7-bit address 
decoded on chip. It has a non-inverting data out, a separate data in 
line and 2 active-low chip select lines. It has a typical access time 
of 10 ns and is designed for high-speed scratch pads, control, cache, 
and buffer storage applications. 

Typical Address Access Time = 10 ns 

Typical Chip Select Access Time = 5.0 ns 

Operating Temperature Range = 0° to +75°C 

Open Emitter Output Permits Wired-OR for Easy Memory 

Expansion 


50 kQ2 Input Pulldown Resistors on All Inputs 


Power Dissipation Decreases with Increasing Temperature 
Fully Compatible with MECL 10,000 Logic Family 
Similar to F 10405. 


BLOCK DIAGRAM 


Oata Out 
Buffer Select 


Sense 
Amplifier 


16x 8 
Memory Cell 
Array 


Word Address Buffer/ 
1/16 Decoder 
Write And 
Data In Buffer 


Bit Address Buffer/ 
1/8 Decoder 
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MECL 


128-BIT RANDOM ACCESS © 
MEMORY 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 


PIN NOTATION 


CS Chip Select Input 
AO thru A6 Address Inputs 
Data Input 

Dit Data Output 

WE Write Enable Input 


in 





TRUTH TABLE 





+ CS2 @ = Don't Care. 


| MCM10147 


FUNCTIONAL DESCRIPTION: 
The MCM 10147 is a 128 word x 1-bit RAM. Bit selec- 
tion is achieved by means of a 7-bit address AO thru A6. 
The active-low chip select allows memory expansion up 
to 512 words. The fast chip select access time allows 
memory expansion without affecting system performance. 


ABSOLUTE MAXIMUM RATINGS 











Base Input Voltage (Vcc = 0) 






Output Source Current — Continuous 
~ Surge 











in 
Ty 


est 
Temperature 


-0.840 -1.870 -1.145 
-0.810 ~1.850 -1.105 
~1.830 -1,045 








0°c 


lEE 






DC Characteristics 


Power Supply Drain Current 105 







Input Current High 






0. 


on 







Input Current Low 


: x 








Output Voltage 
Output Voltage 
Threshold Voltage 
Logic ‘‘0’' ee 


. Threshold Voltage 








220 - 


-0.980 


Value 


< 50 mAdc 
< 100 
Storage Temperature Range -55 to +150 
DC TEST VOLTAGE VALUES 
(Volts) 
ViHAmin 


-1.490 








MCM10144 Test Limits 


ee Oe 

Oa Hee a ie 

220 _ 2 
ai 


-1.850 | -1.650 | -1.830 | -1.625 
-0.920 dc |Threshold testing is performed 
and guaranteed on one input at 
-1.630 





The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode—the output is low and the data present 
at Djn is stored at the selected address. With WE high the 
chip is in the read mode—the data state at the selected 
memory location is presented non-inverted at Dout: 







ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 







Conditions 
Typ leg @ 25°C = 80mA 
All outputs.and inputs open. 
Measure pin 8. 









Test one input at a time, all 
other inputs are open. 

Vin = VIH. 
Test one input at a time, all 
other inputs are open. 

Vin = VIL: 
Load 50 2 to -2.0 V 





















95 
20 


Vdc 
Vdc 
V 







-1.605 | Vdc {a time. Vin = VIHA OF VILA. 
Load 50 2 to -2.0 V. 
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MCM10147 


SWITCHING CHARACTERISTICS (Ta = 0° to +75°C, eee Se = -5.2 Vdc + 5%; Output Load see elgure 1;see Note 1 & 3. ) a 


| a Limits 
Characteristic ; Symbol | typ | Max ' Conditions 


~ Read Mode See Figures 2 and 3. 

Chip Select Access Time tacs | 2. 5.0 8.0 Measured from 50% of input to 50% of 
Chip Select’ Recovery Time trcs: ; 5.0 8.0 output.: See Note 2. 
Address Access Time tAA 

Write Mode 
Write Pulse Width : : twsa = 4.0 ns 
Data Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time Prior to Write , tw = 8.0 ns. See Figure 4. 
Address Hold Time After Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 


Write Disable Time ; : : Measured at 50% of input to 50% 
Write Recovery Time : 07 8. of output. 





Rise and Fail Time ; Measured between 20% and 80% points. 
Output Rise and Fall Time : ; 


Capacitance 
Input Capacitance 
Output Capacitance 


Notes: (1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 
(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 


(3) For proper use of MECL Memories in a system environment, consult: “MECL en Design Lndbeok: - 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


Vec1 = Vcec2 = Gnd 





po---cnn 
|. 
0 | 
O— . , 
a INPUT LEVELS 
ne 
A 3 
4 
O 
O | 
; 6 tr = te = 2.0 ns typ. 
7 
O 10 All timing measurements referenced to 50% of input levels. 
~ . Rr = 500 
| Cy < 5.0 pF (including jig and stray capacitance) 
1 Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
| 
| 
J "1 
O) 
I 
| 
O) - 
He on Sree re 
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FIGURE 2 — CHIP SELECT ACCESS TIME 






Chip Select 
cs 





Dout 


FIGURE 3 — ADDRESS ACCESS TIME 





Address 


TAA 


Dout 


FIGURE 4 — WRITE MODE 


Address 





Write Enable 


Dout 





(A) MOTOROLA = =—s|_—sMCM10148 


64 X 1 BIT RANDOM ACCESS MEMORY 


MECL 


64 X 1-BIT 


The MCM10148 is a fast 64-word X 1-bit RAM. Bit selection 
RANDOM ACCESS MEMORY 


is achieved by means of a 6-bit address, AO through A5. 

The active-low chip selects and fast chip select access time 
allow easy memory expansion up to 256 words without affect- 
ing system performance. The operating mode (CS inputs low) 
is controlled by the WE input. With WE low the chip is in the 
write mode—the output is low and the data present at Djn is 
stored at the selected address. With WE high the chip is in the 
read mode—the data state at the selected memory location is 
presented non-inverted at Doyt. 


@ Typical Address Access Time of 10 ns 

@ Typical Chip Select Access Time of 4.0 ns 

@ 50k Input Pulldown Resistors on All Inputs 

@ Power Dissipation (420 mW typ @ 25°C) Decreases with 
Increasing Temperature 

@ 50k02 Input Pulldown Resistors (420 mW typ) on All Inputs 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 


BLOCK DIAGRAM 





Data Out Chip 
Buffer Enable 


PIN NOTATION 


cS Chip Select Input 
AO thru A6 Address Inputs 
Data Input 
Data Output 
Write Enable Input 


Sense 
Amplifier 


Bit . 
g | Address 8x8 
Buffer/ Memory Cell 
1/8 Array 
Decoder 


Bit Address Buffer/ 
1/8 Decoder 


Write “0” 


Read 


Disabled 
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MCM10148 


ELECTRICAL CHARACTERISTICS 





-55°C and +125°C test values apply to MC105xx devices only. 


SWITCHING CHARACTERISTICS (Note 1) 


Ta = 0 to+75°C, 
Characteristics Veeg = -5.2 Vde +5% Conditions 


Read Mode > Measured from 50% of 
Chip Select Access Time : input to 50% of output. 
Chip Select Recovery Time : See Note 2. 

Address Access time 


Write Mode tWSA=5.0ns 
Write Pulse Width : Measured at 50% of input 
Data Setup Time Prior to Write ; to 50% of output. 
Data Hold Time After Write : tw = 8.0ns. 
Address Setup Time Prior to Write 
Address Hold Time After Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 


Rise and Fall Time Measured between 20% 
. and 80% points. 


Capacitance Measured with a pulse 


Input Capacitance j : technique. 
Output Capacitance 





NOTES: 1. Test circuit characteristics: Rt = 500, MCM10148. 
CL < 5.0 pF (including jig and stray capacitance) 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF. 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
*To be determined; contact your Motorola representative for up-to-date information. 








(AA) MOTOROLA 


256 x 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 


This device is a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 

enable. When the chip is disabled (CS = high), all outputs 
are forced to a logic 0 (low). 


e Typical Address Access Time of 7.0 ns 
@ Typical Chip Select Access Time of 2.5 ns 


@ 50 kQ Input Pulldown Resistors on All Inputs 


@ Power Dissipation (740 mW typ @ 25°C) 
Decreases with Increasing Temperature 


hapiet’ 32-x 32 


Associated Drivers 


Amplifer Amplifter 
2 1 


Output 
Decoder 
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Amplifier 
oO 





MCM10149*10 


MECL 


1024-BIT PROGRAMMABLE .. 
READ-ONLY MEMORY 


amin 


__L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 





MCM10149*10 





ELECTRICAL CHARACTERISTICS® 


Symbol 


Power Supply Drain Current 
Input Current High 


Forcing 
Function Parameter 


VOHAmin 
Jaan 


[Vinmin 4 Youmin 






NO 
oO 
io) 










—0.920 
—1.045 





—1.870 —1.850 


[fiumin 4 “oumin | 


—0.980 
—1.105 


—1.830 
Yuma fwumin | 8 [75 | 8 _| 

















NOTES: © The MCM10149*10 is designed to meet the dc specifications in the electrical 
characteristics tables after thermal equilibrium has been established. The circuit 
is in a test socket or mounted on a printed circuit board and transverse air flow 
greater than 500 linear FPM is maintained. Outputs are terminated through a 


50 2 resistor to —2.0 V. 
@ 0-75°C temperature range, 50 2 to —2.0 V. 


SWITCHING CHARACTERISTICS (Note 1) 


Characteristics 


Read Mode 
Chip Select Access Time 
Chip Select Recovery Time 


Address Access Time 


Rise and Fall Time 


Capacitance 
Input Capacitance 
Output Capacitance 


Cin 
Cout 


NOTES: 1. Test circuit characteristics: Rt = 502 
CL =< 5.0 pF (including jig and stray capacitance) 





Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 


4. Vcp = Vcc = Gnd for normal operation. 


= 0 to 75°C, 
ves = Paarl 2 Fie +5% 
| Typ | 


Measured from 50% of input 
3.0 to 50% of output. See Note 1. 


=, 


2. ca Measured between 20% and 


| 0 

80% points. 
Measured with a pulse 
technique. 


PROGRAMMING THE MCM10149*10 


During programming of the MCM10149*10, input 
Pins 7, 9, and 10 are addressed with standard MECL 
10K logic levels. However, during programming input 
Pins 2, 3, 4, 5, and 6 are addressed with OV = Vip S 
+0.25 Vand VEE < Vi_ = —3.0V. It should be stressed 
that this deviation from standard input levels is 
required only during the programming mode. During 
normal operation, standard MECL 10,000 input levels 
must be used. 

With these requirements met, and with Vcp = Vcc 
= 0V and Veg = ~—5.2 V +5%, the address is set up. 
After a minimum of 100 ns delay, Vcp (pin 1) is ramped 
up to +10 V + 0.5 V (total voltage Vcp to Veg is now 


531 


15.2 V, +10 V — [ — 5.2 V]). The rise time of this Vcp 
voltage pulse should be in the 1 — 10 us range, while 
its pulse width (tyy1) should be greater than 100 us but 
less than 1 ms. The Vcp supply current at +10 V will 
be approximately 525 mA while current drain from Vcc 
will be approximately 175 mA. A current limit should 
therefore be set on both of these supplies. The current 
limit on the Vcp supply should be set at 700 mA while 
the Vcc supply should be limited to 250 mA. It should 
be noted that the Veg supply must be capable of sinking 
the combined current of the Vcc and Vcp supplies while 
maintaining a voltage of —5.2 V +5%. 





| MCM10149*10 | 


Coincident with, or at some delay after the Vcp pulse 
has reached its 100% level, the desired bit to be fused 
can be selected. This is done by taking the correspond- 
ing output pin to a voltage of +2.85 V +5%. It is to be 
noted that only one bit is to be fused at a time. The 
other three unselected outputs should remain termi- 
nated through their 50 ohm load resistor to —2.0 V. 


this current pulse should be 250 ns max. It pulse width 
should be greater than 100 us. Pulse magnitude is 
50 mA +5.0 mA. The voltage clamp on this current 
source is to be —6.0 V. 

After the fusing current source has returned to 0 mA, 
the bit select pulse is returned to its initial level, i.e., the 
output is returned through its load to — 2.0 V. Thereafter, 


Current into the selected output is 5 mA maximum. 
After the bit select pulse has been applied to the 

appropriate output, the fusing current is sourced out 

of the chip select pin 13. The 0% to 100% rise time of 


Vcp is returned to 0 V. Strobing of the outputs to deter- 
mine success in programming should occur no sooner 
than 100 ns after Vcp has returned to 0 V. The remaining 
bits are programmed in a similar fashion. 


+ NOTE: For devices that program incorrectly, return serialized 


units with individual truth tables. Non compliance voids 
warranty. 


PROGRAMMING SPECIFICATIONS 


The following timing diagrams and fusing informa- 
tion represent programming specifications for the 
MCM10149*10. | 


Definitions and values of timing symbols are as 
follows. 


Vcc = Pin16 =0V 
Vee = Pin8 = -5.2V + 5% 


Vcp = Pin 1 —/ | / -—OV 


Symbol Definition Value 


tr1 Rise Time, >1us 


Programming Voltage 
Pulse Width, 
Programming Voltage 


tw 2 100 us <1mMs 
Delay Time, 20 
Programming Voltage 
Pulse to Bit 
Select Pulse 


Pulse Width, Bit Select 


Delay Time, Bit Select 
Pulse to Programming 


tp1 


Selected Output Open 
Pin (11, 12, 14 or 15) 








Chip Select Pin 13 0 mA Voltage Pulse 











tw3 > | 
tp3 - Pe 


=~ to4 


Delay Time, Bit Select 
Pulse to Programming 
Current Pulse 


2 1us 





Rise Time, Programming 250 ns max 


Current Pulse 
Pulse Width, 
Programming 


The timing diagram is shown for programming 
one bit. Note that only one bit is blown at atime. 
All addressing must be done 100 ns prior to the 
beginning of the Vcp pulse, t.e., Vep = O V. 
Likewise, strobing of the outputs to determine 
in programming should occur no sooner 
than 100 ns after Vcp returns toO V. 

Note that the fusing current is defined as 
a positive current out of the chip select, pin 13. 
A programming duty cycle of < 15% is to be 
observed. 


2 100 us 


Current Pulse 


SuCCeSS Delay Time, 


Programming Current 
Pulse to Bit 
Select Pulse 





MCM10149*10 


MANUAL PROGRAMMING CIRCUIT 

































+5 V +5 V 
12k 0.05 uF $8.2 k 
0.005 uF 
—_J 29 
+5 V is 
SN74LS04 

aSingie. . Enabie 
: : ° Current 

Pulse Mode Lata 

SS oe 
> 100 us 
Program 
Enable 
Se) secl— 
1N914 
0 -5.2 V 
Current Source (-6 V Clamp) 
SN74LS38 SN74LS38 
510 
510 
1N914 
_ or Equiv. 
-5.2 V 
O0+5 V 
1/4 1/4 — 
SN74LS38 SN74LS38 240 
180 22, 1/2 Ww 
2N3905 


- 




















512, 1/2Ww 1N914 
+5 V0 
1N914 510 
aod @ bed a: Lt 
’ 1’ Cc 7 
1.0k 
Cc 4 -5.2 Vv 
1.0k 
Cc i -5.2 V 6 
- O AS5 
1.0 k 
Cc A -5.2 V 10 
0 5 A4 D2 
1.0 k 
Cc 4 -5.2V MCM10149*10 
0 7 A3 Rotary SW 
1.0 k Ss be ; 
Cc 4 -5.2V 3 oe! 
; 1.0 k : A -5.2V 
Cc 4 -5.2V 92 15 
1.0k a0 
2 ecgieme. -5.2V 
1.0 k 
-§.2 V 
7 08 616 
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(AA) MOTOROLA 


256 x 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 


This device is.a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (CS = high), all outputs 
are forced to a logic O (low). 


@ Typical Address Access Time of 20 ns 
@ Typical Chip Select Access Time of 8.0ns 
@ 50 kQ Input Pulldown Resistors on All Inputs 


@ Power Dissipation (540 mW typ @ 25°C) 
Decreases with Increasing Temperature 





32 x 32 


Decoder Array and 
Associated Drivers 


Output 
Decoder 





_MCM10149*25 


MECL 


1024-BIT PROGRAMMABLE 
READ-ONLY MEMORY 


iirc 


CASE 620 


F SUFFIX 
CERAMIC PACKAGE 
CASE 650 


PIN ASSIGNMENT 





ELECTRICAL CHARACTER ities 


Ssehall 


Power Supply Drain Current 
Input Current High 














VoHmax 
obi 


Virnmax = 





VitAmax 






Vitmin ouinin sot 1860 —1.830 
Paicaas Winn Oe Oe es 


NOTES: (@ O-75°C temperature range, 502 to -2.0V. 


SWITCHING CHARACTERISTICS (Note 1) 


Characteristics 


Read Mode 
Chip Select Access Time 


Chip Select Recovery Time 
Address Access Time 


Capacitance 
Input Capacitance 


Output Capacitance 
NOTES: 1. Test circuit characteristics: RT = 50 2,MCM10149; 


CL < 5.0 pF (including jig and stray capacitance) 


Ta = Oto +75°C, 
Vege = —5.2 Vde +5% 





Cout 8.0 


Measured from 50% of input 
to 50% of output. See Note 1. 


Measured between 20% and 
80% points. 


Measured with a pulse 
technique. 


Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 
3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 


4. Vcp = Vcc = Gnd for normal operation. 


*To be determined; contact your Motorola representative for up-to-date information. 


_ PROGRAMMING THE MCM10149 + 


During programming of the MCM 10149, input pins 7, 
9, and 10 are addressed with standard MECL 10K logic 
levels. However, during programming input pins 2, 3, 4, 


5, and 6 are addressed with O VS Vin < +0.25 V and 
Vee S Vi < ~—3.0 V. It should be stressed that this 


deviation from standard input levels is required only during 
the programming mode. During normal operation, standard 
MECL 10,000 input levels must be used. 

With these requirements met, and with Vep = Vec = 
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0 Vand Veg =— 5.2 V +5%, the address is set up. After 
a minimum of 100 ns delay, Vep (pin 1) is ramped up to 
+12 V+ 0.5 V (total voltage Vp to Veg isnow 17.2 V, 
+12 V —[-—-5.2 VJ ). The rise time of this V cp voltage 
pulse should be in the 1 — 10 ms range, while its pulse 
width (tyy4) should be greater than 100 Us but less than 
1 ms. The Vep supply current at + 12 V will be approx- 
imately 525 mA while current drain from Vac will be ap- 
proximately 175 mA. A current limit should therefore be 





MCM10149*25 | 


set on both of these supplies. The current limit on the After the bit select pulse has been applied to. the ap- 
Vop supply should be set at 700 mA while the Vec sup- propriate output, the fusing current is sourced out of the 
ply should be limited to 250 mA. It should be noted - chip select pin 13. The 0% to 100% rise time of this cur- 
that the VEE supply must be capable of sinking the rent pulse should be 250 ns max. It pulse width should be 
combined current of the Vec and Vop supplies while greater than 100 ps. Pulse magnitude is 50 mA + 5.0 mA. 
maintaining a voltage of — 5.2 V + 5%. The voltage clamp on this current source is to be — 6.0 V. 

Coincident with, or at some delay after the Vp pulse _ After the fusing current source has returned:0 mA, the 
has reached its 100% level, the desired bit to be fused can bit select pulse is returned to it initial level, i.e., the output 
be selected. This is done by taking the corresponding out- is returned through its load to — 2.0 V. Thereafter, Vep is 
put pin to a voltage of + 2.85 V + 5%. It is to be noted that returned to 0 V. Strobing of the outputs to determine suc- 
only one bit is to be fused at a time. The other three un- cess in programming should occur no sooner than 100 ns 
selected outputs should remain terminated through their after Vop has returned to 0 V. The remaining bits are pro- 
50 ohm load resistor to — 2.0 into the selected grammed in a similar fashion. 


f NOTE: For devices that program incorrectly, return serialized 
units with individual truth tables. Non compliance voids 
warranty. 





PROGRAMMING SPECIFICATIONS 

The following timing diagrams and_ fusing 
information represent programming specifications 
for the MCM10149. 


Definitions and values of timing symbols are 
as follows. 


Veo = Fin 16S 0. Symbol Definition Value 

Vee = Ping’ = -5.2 V+5% 

tr1 Rise Time, 2 1uUs 

Vep = Pind Programming Voltage 

tw tw Pulse Width, 2 100 us < 1 ms 
Programming Voltage 


| ee ern Sa Delay Time, >0 
+ 5% : 
ai Nie Programming Voltage 
Selected Output Open 


Pin (11, 12, 140r 15) | Pulse to Bit 
Select Pulse 


Pulse Width, Bit Select 


Delay Time, Bit Select 
Pulse to Programming 





ba 
try (a —— 


se 








Chip Select Pin 13 OmA tr3 











Voltage Pulse 
t 
: at Delay Time, Bit Select 2 1s 
ie Pulse to Programming 
Current Pulse 


Rise Time, Programming 250 ns max 


The timing diagram is shown for programming 
, Current Pulse 


one bit. Note that only one bit is blown at atime. 
All addressing must be done 100 ns prior to the Pulse Width, 2 100 us 
beginning of the Vcp pulse, i.e, Vop = 0 V. Programming 
Likewise, strobing of the outputs to determine . Current Pulse 
success in programming should occur no sooner Delay Time, 
than 100 ns after Vcp returns to OV. Programming Current 
Note that the fusing current is defined as Pulse to Bit 
a positive current out of the chip select, pin 13. | Select Pulse 
A programming duty cycle of < 15% is to be 
observed. 
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MCM10149* 10 MCM10149*25 





MANUAL PROGRAMMING CIRCUIT 
























+5 V +5 V 
0 O 
12k 0.05 uF &8.2k 
0.005 uF 
S29 
+5 V us 
1 Delay Q 
Biieute SN74LS04 680 US Q 1/2 
Single. r SN74L$123 Enable 
in’ Single O 0 ; ve Eo 
ee es SN74LS123 Ob Pulse 
Cp r— 
1 > 100 us 
Program 
_ Enable 
ee mai ep Oe 
<1 sec 
IN914 
0 -5.2 V 
Current Source (-6 V Clamp) 
SN74LS38 SN74LS38 — 
2N3905 560 
i »; 2N3904 16 
IN914 
a ove sa 3 Equiv. 
7k 1 or Equ 
= : me -5.2V 
+5V -12.V ue 
O+5 V 
1/4 1/4 150 
SN74LS38 SN74LS38 240 





180 22, 1/2 W 







2N3905 





















512, 1/2W 1N914 
+5 V0 
1N914 510 
“0° tL Bie 
1 de 7 
1.0 k 
Cc 4 -~-5.2 V 
1.0 k 
Cc {-5.2V ¢ 
1.0 k 
(Ox A -5.2 Vv 10 D2 
O fe A4 
1.0 k 
-5. MCM10149* 10 
c agate! 9 A3 Rotary SW 
O 0 1 
1.0 k : 
Cc 4 -5.2V 3 680 
1.0 k 4 -5.2V 
Cc 4 -5.2V 2 15 
Cc A -~5.2 Vv 4 -5.2 Vv 
1.0k 
-5.2 V 
. O08 016 


tf 
f] 
ro) 
ND 
< 
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(MA) MOTOROLA | MCM10152 


MECL 


256 x 1-BIT RANDOM ACCESS MEMORY 256 X 1-BIT 


RANDOM ACCESS 


The MCM10152 is a 256 word x 1-bit Read/Write Random MEMORY 


Access Memory. Data is accessed or stored by means of an 8-bit 
address decoded on chip. It has a non-inverting data out, a separate 
data in line and 3 active-low chip select lines. It has a typical access 
time of 11 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications. 


@ Typical Address Access Time = 11 ns 

@ Typical Chip Select Access Time = 4.0 ns 

@ Operating Temperature Range = 0° to +75°C 
8 


Open Emitter Output Permits Wired-OR for Easy Memory 


L SUFFIX 
Expansion 


: CERAMIC PACKAGE 
50 kQ2 Input Pulldown Resistors on All Inputs CASE 620 
Power Dissipation Decreases with Increasing Temperature 
Fully Compatible with MECL 10,000 Logic Family 


PIN ASSIGNMENT 


BLOCK DIAGRAM 





Data Out Chip 
Buffer t a Select 


PIN NOTATION 
cS Chip Select Input 
AO thru A7 Address Inputs 
Data Input 
Data Output 
Write Enable !tnput 


Sense 
Amplifier 


32x8 
Memory Cell 
Array 





Write And 
Data [n Buffer 


Word Address Buffer/ 
1/32 Decoder 


TRUTH TABLE 


Bit Address Buffer/ 


1/8 Decoder Voc = Pin 16 


VeE=Pin 8 
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FUNCTIONAL DESCRIPTION: . 
The MCM10152 ‘is a 256 word x 1-bit RAM. Bit selec- 


tion is achieved by means of an 8-bit address AO thru A7. 

The active-low chip select allows memory expansion up 
to 2048 words. The fast chip select access time allows 
memory expansion without affecting system performance. 


ABSOLUTE MAXIMUM RATINGS 


Base Input Voltage (Vcc = 0) 


Output Source Current — Continuous 
— Surge 


The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode—the output is low and the data present 
at Djn is stored at the selected address. With WE high the 
chip is in the read mode—the data state at the selected 
memory location is presented non-inverted at Dou. 








Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 







MCM10152 Test Limits 


DC Characteristics 


Power Supply Drain Current 


Input Current High 


Input Current Low 


Logic “1” -0.840 


Output Voltage 
Logic ‘’0"' 

Output Voltage 
Logic "1" 

Threshold Voitage 
Logic ‘‘0”’ 

Threshold Voltage 


DOC TEST VOLTAGE VALUES 
RE I ick. 
Test 


-0.810 1.850 -1,105 “1.475 


: 
Grace te cs a, 
Load 50 2 to-2.0 V. 










ELECTRICAL CHARACTERISTICS 


Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


Conditions 
Typ IgE @ 25°C =110 mA 
All outputs and inputs open. 
Measure pin 8. 
20 as one input at a time, all 
other inputs are open. 
Vin = VIH. 






uAdc {Test one input at a time, all 
other inputs are open. 
Vin = VIL: 


1 
2 
-0.720 Load 50 2 to -2.0 V 
V 
f Vde |Threshold testing is performed 
and guaranteed on one input at 
V 
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MCM10152 
SWITCHING CHARACTERISTICS (T, = 0° to +75°C, Veg = -5.2 Vdc + 5%; Output Load see Figure 1; see Note 1 & 3.) 


Characteristic « Symbol Conditions _ 


| Min | Typ | Max | 
Read Mode : ‘ See Figures 2 and 3. 


Chip Select Access Time Measured from 50% of input to 50% of 
“Chip Select Recovery Time output. See Note 2. 
Address Access Time - 
Write Mode 
Write Pulse Width 
Data Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time Prior to Write 
Address Hold Time After Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 



























tacs 
trRcs 
TAA 





















twsa = 5.0 ns 
Measured at 50% of input to 50% of 


output. ; 
ty = 10 ns. See Figure 4. 














Capacitance 
input Capacitance 
Output Capacitance 


Notes: (1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 


(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 


(3) For proper use of MECL Memories in a system environment, consult: ‘‘MECL System Design Handbook.” 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 








Vcc = Gnd 
ie 
be oy Sas i.e oS 7q 
O | 
= 
O 
| INPUT LEVELS 
0 
O | 
0 
0 | 
- | ty = tf = 2.0 ns typ. 
O 15 | All timing measurements referenced to 50% of input levels. 
v | Ry = 500 
2 IRy CL CL < 5.0 pF (including jig and stray capacitance) 
| Ak Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
A = 
1-20 V 
O | 
| 
| 
O | 
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MCM10152 


FIGURE 2 — CHIP SELECT ACCESS TIME 


Chip Select 
cs 





FIGURE 3 — ADDRESS ACCESS TIME 


Address 





FIGURE 4 — WRITE MODE 


Address 





Chip Select 


Write Enable 


Dout 
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PHASE-LOCKED LOOP 
INTEGRATED CIRCUITS 


in this data book and in other Motorola literature. 
' Detailed specification of these devices may be obtained 
from Motorola sales offices or authorized distributors. 


Motorola offers the designer an array of devices to 
perform phase-locked loop functions, such as phase 
detectors, dividers, and oscillators. These devices include 
MECL, linear, TTL and CMOS technologies covered both 





Devices 


—55 to. 0 to 
+125°C +75°C Case 





- evens —_ to 0 to 
+ 125°C + 75°C 





Family 





Combination Functions 


Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Frequency Synthesizer 
Phase Comp/Prog. 
Counter 

Phase Comp/VCO 
Phase-Locked Loop 


Oscillators 


Crystal Oscillator 

Voltage-Controlled 
Oscillator 

Voltage-Controlled 
Multivibrator 

Dual Voltage-Controlled 
Multivibrator 

Voltage-Controlled 
Oscillator 


Phase Detectors 
Digital 
Digital Mixer 
Phase-Frequency 
Detector 


Phase-Frequency 
_ Detector.. 


Analog 
Analog Mixer — 
Double Balanced 


MECL 
Modulator/Demodulator | Linear 
Modulator/Demodulator | Linear 
Modulator/Demodulator | Linear 


Control Functions 


Counter-Control Logic | MECL| | — | MC12014 |620, 648 


Notes: 
*To be introduced. 


**Temperature to be determined. 


#TaA = —30°C to +85°C. 
##Tpa = —40°C to +85°C. 
A = Announced. 


MC4324 


MC1594 
MC1595 
MC1596 


MC145104 
MC145106 
MC145107 
MC145109 
MC145112 
MC145143 
MC145144 
MC145145 
MC145146 
MC145151 
MC145152 
MC145155 
MC145156 
MC145157 
MC145158 
MC145159 


NES65N 


MC12061 


MC1648# 


MC1658# 


MC4024 


SN74LS724 





MC12000 


MC12040 


MC4044 


MC12002# 
MC1494 
MC1495 
MC1496 





iPlastic package available for commercial temperature range only. 

2All CMOS devices are — 40°C to +85°C. 

tPLL = Phase-Locked Loop indicates that no external synthesizer 
would be required to implement Electronic ea Systems. 


TBD = To be determined. 


6-2 


Prescalers/Counters 


UHF Prescaler (= 2) 

+4 Counter, 1.0 GHz 

+4 Counter, 1.0 GHz 

Two-Modulus + 5/+6, 
600 MHz Typ 

Two-Modulus + 8/=9, 
600 MHz Typ 

Two-Modulus =~ 10/= 11, 
600 MHz Typ 

Two-Modulus ~ 32/ +33, 
225 MHz 

Two-Modulus ~+ 40/+ 41, 
225 MHz 

Two-Modulus + 64/+65, 
225 MHz 

Low-Power Two- 
Modulus = 128/+ 129, 
520 MHz 

Low-Power Two- 
Modulus + 20/+ 21, 
225 MHz 

Low-Power Two- 
Modulus + 64/~+65, 
128/129 Pos. Edge 
1.1 GHz 

Low-Power Two- 
Modulus ~+64/-+ 65, 
128/129 Neg. Edge 
1.1 GHz 

Low-Power Two- 
Modulus + 64/+65 
520 MHz 

Low-Power +64 
Prescaler, 225 MHz, 
3.2 to 5.5 Vcc 

VHF/UHF +64/+256 

Low-Power ~ 64 
Prescaler, 1.1 GHz 

Low-Power ~+ 256 
Prescaler, 1.1 GHz 

UHF Prescaler (+ 2), 
750 MHz 


MC12022A## 


MC12022B## 


MC12025 


Programmable +N 
Decade 

Programmable +N 
Hexadecimal 


MC12090 
MC1697 
MC1699# 
MC12009# 
MC12011# 
MC12013# 
MC12015## 


MC12016## 


MC12017## 
MC12018## 


MC12019## 


MC12023 
MC12071 


MC12073 
MC12074 


MC12090 


MC4016 





MC4018 


MC4316 
(A) MOTOROLA MC4016 
MC4018 


PROGRAMMABLE MODULO-N COUNTERS PROGRAMMABLE MODULO-N 
COUNTERS 


The monolithic devices are programmable, cascadable, 
modulo-N-counters. The MC4316/4016 can be programmed to 
divide by any number (N) from 0 thru 9, the MC4018 from 0 
thru 15. 

The parallel enable (PE) input enables the parallel data inputs 
DO thru D3. All zeros are entered into the counter by applying a 
logic ‘‘0” level to the master reset (MR) and PE inputs. This causes 
the counter to stop counting (count = 0). All data inputs are 
independent of the logic level of the Clock. 

Modulo-N counters are useful in frequency synthesizers, in 
phase-locked loops, and in other applications where a simple 
method for frequency division is needed. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


All Types: 
Input Loading Factor: Total Power Dissipation = 
Clock, PE = 2 250 mW typ/pkg 
DO, D1, D2, D3, Gate = 1 Propagation Delay Time: 
MR = 4 Clock to Q3 = 50 ns typ 
Output Loading Factor = 8 Clock to Bus = 35 ns typ P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


PIN ASSIGNMENT 


MC4316/4016 MC4018 


MC4316/4016 
MC4018 


a 
GO 


— 

vu 
ooOo--00—--/00—- =00 = = Cc 

— 
o-0o-]-0+;0- c2o+0+0+/2| 


Vcc =Pin 16 
Gnd=Pin 8 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 


OPFNWAHh OM NS CO OO 





9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
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LOGIC DIAGRAMS 


MC4316/4016 


GND =Pin 8 





MC4018 





Vcc = Pin 16 
GND =Pin 8 
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ELECTRICAL CHARACTERISTICS 


Tests are shown for one output only. 
Others are tested in the same manner. 


-MiC4316/4016 
MC4018 













TEST CURRENT/VOLTAGE VALUES 







pay te 
@ Test 
reno oxo] oul ion [ we [vu [Ym [vee [var [ Yor [vee vor[ 
45°C 








jize| ise] o6 | -16] — {| o4 | 24 | 55 | o8 | 20 [50] 45 | 55 | 
| 2.0 [5.0 ) 45 | 5.5 | 





[24] 
ocfize| 138] a6|-16] - | 04 | 25 ] 85 | oe | 70 [so] am |x] 
hie [138[ 96|-16] 10 | 04 | 25 | ss | oe | 20 [50| a7 | 52 | 
has[ias[ e6]-16[ - | 04 | 25 | ss | o# | 20 [so[a7s|ss | 


a TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 


fatale eg Mur | virr_|vec| Vece | vecn 


1.0 1.0 1.0 mAdc 
10 
1 
ae 


a 2,3,5,11,14 8 
2,3,5,11,14 + 
3 


| 25.11,14. - | 14: 


Short-Circuit Current — Patt 1 poe 
-3.8 mAdc 8.13 


Power Requirements 
(Totat Device) 
Power Supply Drain 


**Test all inputs in the same manner. 
#Test applies only to the MC4316/4016 and MC4018. 














input 
Forward Current 









ae 
ED GMMSWN 






Zo gowawn 






Leakage Current 















t2gonmawn 


jy]ezeomn un RUSGMWMAWN 
Qn WN 






Clamp Voltage 


Output 
Output Voltage 



















= 
@) 
> 
rx) 
om, 
7) 
© 
= 
re) 
> 
° 
ok 
2) 
® 
= 
@) 
rN 
° 
ak 
© 
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SWITCHING TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 


The coax delays from input to 
scope and output to scope must be 
matched. The scope must be ter- 
minated in 50-ohm impedance. 
The 9950-ohm resistor and the 
scope termination impedance con- 
stitute a 200:1 attenuator probe. 
phar shall be CT-070-50 or equiv- 
alent. 









PULSE 
GENERATOR 





PREF = 8.0 MHz (Pulse T) 
1.0 MHz(V and Y) 
Duty Cycle = 50% 
t=ty $5.5 ns 

(10% to 90% points) 


ii 


Cy Cy = 15 pF = total parasitic capac- 
itance, which includes probe, wir- 
ing, and load capacitance. 

Note 1: ; 

Counter programmed for +8 operation. 
(For MC4316/4016 and MC4018, pin 13 is the resistor pin, and left open.) 





T 


T 
PRF = 8.0 MHz 


U 


Vv 
PREF = 1.0 MHz 





Y 
PRF = 1.0 MHz 














SWITCHING TIME TEST PROCEDURES (Tq = 25°C) 
(Letters shown in test columns refer to waveforms.) 








-D0,D1,D2 | D3,PE,MR 
Pins 5,11,14 | Pins:2,3,10 
Toggle Frequency aa 


(Check before measuring 
Propagation delay.) 


. Propagation Detay 1 
Propagation Delay 


' Propagation Delay 
Clock 1 to Q3 
MC4316/4016 
MC4018 
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OPERATING CHARACTERISTICS 


MC4316/4016, MC4018 





Operation of both counters is essentially the same. 
The MC4316/4016 has a maximum modulus of ten while 
the MC4018 is capable of dividing by up to sixteen. 
Minor differences in the programming procedure will 
be covered in the discussion of cascaded stages. 

Suitable connections for operating a single stage are 
shown in Figure 1, as well as appropriate waveforms. 
The desired modulus is applied to the data inputs DO, D1, 
D2, and D3 in binary (MC4018) or binary coded decimal 
(MC4016) positive logic format. If a number greater than 
nine (BCD 1001) is applied to the MC4016, it treats the 
most significant bit position as a zero; if for example, 
binary fourteen (1110) were applied to an MC4016, the 
counter would divide by six. BCD eight is programmed 
in Figure 1. As PE is taken low the states on the parallel 
inputs are transferred to their respective outputs. Sub- 
sequent positive transitions of the input clock will dec- 
rement the counter until the all zero state is detected by 
the bus gate. The resulting positive transition of the bus 
line is internally inverted and fed back to the preset gating 
circuitry but does not yet preset the counter since the 
gateclock input is still high. As the clock returns to the 
low state the counter is set to the programmed state, 
taking the bus line low. The net result is one positive 
pulse on the bus line for every N clock pulses. The output 


pulse width is approximately equal to one clock pulse — 


high time. 

Operation will continue in this fashion until the data on 
the programmable inputs is changed. Since the preset 
circuitry is inhibited except when the counter is in the 


zero state, preset data may be changed while clocking is 
occurring. If it is necessary to enter a new number before 
the counter has reached zero this can be done by mo- 
mentarily taking PE low. Countdown will continue from 
the new number on the next positive clock transition. 

The counters can be made to divide by 10 (MC4016) 
or 16 (MC4018) by inhibiting the preset logic. This may 
be done by either holding the gate input high or by hold- 
ing the bus line low. 

The normal connections for cascading stages are in- 
dicated in Figure 2, with the appropriate waveforms. Note 
that the gate input of each stage is connected to the clock; 
all bus outputs are tied to one of the internal pullup re- 
sistors, R. The total modulus for cascaded MC4016s is 
determined from NT = Ng + 10Nq + 100No + ...; Nr 
for MC4018s is given by Ny = No + 16N1 + 256No 
+... Stated another way, the BCD equivalent of each 
decimal digit is applied to respective MC4016 stages 
while the data inputs of the MC4018 stages are treated 
as part of one long binary number. The difference in 
programming is illustrated in Figure 2 where NT = 245 
is coded for both counter types. 

Cascaded operation can be further clarified by referring 
to the timing diagram of Figure 2. For the MC4016, count- 
ing begins with the first positive clock transition after the 
data has been set in. After the five clock pulses, the least- 
significant stage has been counted down to zero. The bus 
line does not go high at this time since the three bus 
terminals are wire-ORed and the other two stages are not 
in the zero state. Since no reset occurs, the next positive 


FIGURE 1 — SINGLE-STAGE OPERATION 














OPE Q0 Q1 Q2 Q3 






R fout 
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OPERATING CHARACTERISTICS: MC4316/4016, MC4018 


clock edge advances the least significant stage to the nine viding by ten. Each pulse out of the second stage dec- 
(1001) state, causing the second stage to be decremented. rements the third until it reaches zero. At this time the 
The process continues in this manner with the least sig- bus line goes high; it remains high until the clock goes 
nificant stage now dividing by ten. The second stage low, causing all three stages to be reset to the pro- 
eventually counts down to zero and also reverts to di- grammed count again. 


FIGURE 2 — CASCADED OPERATION 






OPE Q10.011012 013 


Geli MC4016/18 


G B 
é MR DO 01 D2 D3 
O) 


MC4016 BCD 1 0 1 «9 0 0 1 0 | 0 






PE Q20 Q210Q22 023 “Cj pE 230 031 032 A33 











Cc MC4016/18 MC4016/18 






i 
out N 






G B 
MR DO D1 D2 D3 MR DO D1 D2 D3 





1 Oo Oo 
MC4018 Binary 1 0 1 (@) 1 1 1 1 0.60 (6) Oo 
(L.S.D.) N (M.S.D.) 
1 
No No 





245 Pulses 


45 Pulses Facute os 








PE iad ay 
—aa— 5 
§43210987654321098765 432109876543 2109876543210 21/| 432109 
Q10 ULL 
| ee 
Q11 ; | | | 








Q13 




















fout 





MC4316 e MC4016 e MC4018 








APPLICATIONS INFORMATION 





Atypical system application for programmable counters 
is illustrated in the frequency synthesizer shown in Figure 
4. There the counter provides a means of digitally se- 
lecting some integral multiple of a stable reference fre- 
quency. The circuit phase locks the output, fyco, of a 
voltage controlled oscillator to a reference frequency, 
fref-' Circuit operation is such that fvcoQ = Nfref, where 
N is the divider ratio of the feedback counter. 


In many synthesizer applications the VCO is operated 
at VHF frequencies too high for direct division by TTL 
counters. In these cases the VCO output is usually pre- 
scaled by using a suitable fixed divide-by-M ECL circuit 
as shown in Figure 5. For this configuration, fyco = 
NMfref, where N is variable (programmable) and M is 
fixed. Design of the optimum loop filter requires that the 
input reference frequency be as high as possible where 


FIGURE 4 — MTTL PHASE-LOCKED LOOP 








fyco 


1/2 MC4024 





+N Programmable 
Counter Chain 
MC4016/18 
















FIGURE 5 — MTTL-MECL PHASE-LOCKED LOOP 


Vcc 


VCM 


MC1658 


- N Programmable 
Counter Chain 
MC4016/18 


-M Prescaler 
MC10137 





1 See Motorola Application Note AN-535 and the MC4344/4044 Data Sheet for detailed explanation of overall circuit operation. 
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FIGURE 6 — FEEDBACK COUNTERS WITH DUAL 
MODULUS PRESCALER 







Modulus Control 
Counter 


*Nme 








Dual Modulus: 
Prescaler 
+M or (M+1) 






VCO 






Programmable 
Counter 
TNoc out 


To Phase Detector 
for comparison with fref. 


the upper limit is established by the required channel 
spacing. Since fyco = Nfref in the non-prescaled case, 
if N is changed by one, the VCO output changes by fre, 
or the synthesizer channel spacing is just equal to fref. 
When the prescaler is used as in Figure 5, fyco = NMfref, 
and a change of one in N results in the VCO changing by 
Mf ef, i.e., if fref is set equal to the minimum permissible 
channel spacing as is desirable, then only every M chan- 
. nels in a given band can be selected. One solution is to 
‘set fref = channel spacing/M but this leads to more strin- 
gent loop filter requirements. | 
An alternate approach that avoids this problem is pro- 
vided by the counter configuration shown in Figure 6.2 
It too uses a prescaler ahead of a programmable counter, 
however the modulus of the prescaler is now controlled 
by a third counter, causing it to alternate between M and 
M + 1. Operation is best explained by assuming that all 
three counters have been set for the beginning of a cycle: 
the prescaler for division by (M + 1), the modulus control 


counter for division by Nmc, and the programmable 
counter for division by Noe: The prescaler will divide by 
(M + 1) until the modulus control counter has counted 
down to zero; at this time, the all zero state is detected 
and causes the prescaler to divide by M until the pro- 
grammable counter has also counted down to zero. When 
this occurs, a cycle is complete and each counter is reset 
to its original modulus in readiness for the next cycle. 
For this configuration, 


ioie= ee ae 
MNoc+Nme 

In terms of the synthesizer application, fyco = (MNoc¢ 

+ Nme) fref and channels can be selected every fre¢ By 

letting Npc¢ and Nmg¢ take on suitable integer values, in- 

cluding zero. 

A simplified example of this technique is shown in Fig- 
ure 7. The MC12013 Dual Modulus Prescaler divides by 
either 10 or 11 when connected as shown in Figure 7. If 
the E3 and E4 Enable inputs are high at the start of a 
prescaler cycle, division by 10 results; if the Enable inputs 
are low at the beginning of the cycle, division by 11 re- 
sults. The zero detection circuitry of the MC12014 Counter 
Control Logic is connected to monitor the outputs of the 
modulus control counter; this provides a suitable enable 
signal at EO as the modulus control counter reaches its 
terminal (zero) count. The remainder of the MC12014 is 
connected to extend the operating frequency of the pro- 
grammable counter chain. 

A specific example of this technique is shown in Figure 
8. There the feedback divider circuitry required for gen- 
erating frequencies between 144 MHz and 178 MHz with 
30 kHz channel spacing is shown.2 


FIGURE 7 — FREQUENCY DIVISION: fo = fin/MNpc + Nmc 






+ Q4 


1 
TTLout 


E5 
MC12013 
4 






— a4 






YY 
Dual Modulus 
Prescaler: 
>M or (M+1) 

(M = 10) 









C ™mc4o016/18 





G. B 
MR DO D1 D2 D3 


Modutus Control 
Counter: ~Nmec 





A 
R 


PE Q0Q1Q2 














MC4016/18 C MC4016/18 








G B G B G 
MR DO D1 D2 D3 MRDO D1 D2 D3 MR 
e' 0 2 ee 
= _—_—P 
More Significant 
001 0 0 0 0 O Stages Programmed © 
(L.S.D.) to Zero 
Programmable Counter: +Np¢ 


2. This application is discussed in greater detail in the MC12014 Counter Control Logic data sheet. 
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FIGURE 8 — 144 TO 178 MHz FREQUENCY SYNTHESIZER 
WITH 30 kHz CHANNEL SPACING 


Vec 


in 
30 kHz | 


Det 





Phase-Frequency Detector 


P3 P2 P1 PO 








B1 


out 









f, 
MC12014 


fin 


5S 23 ee Zi ZO 








Programmable 
= Counter, = Noc 






B7 B6 B5 B4 B3 B2 B1 BO BO 81 B2 B3 B4 BS B6 B7 






7640 7640 





AS A4 A3 A2_A?1 AO 
ie) 12) Oo 1 1 0 1 
8] 4) 2 8 2 8} 4; 2) 1 8 2 


Switches 
BCD TW SW #1 BCD TW SW #2 BCD TW SW #3 BCD TW SW #4 





fyco 














Modulus 
Control 
| Counter 


| ~ Nme 
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Figure 9 shows a frequency synthesizer system for 
the aircraft band of 108 to 136 MHz with a channel spac- 
ing of 50 kHz. For a system of this type it is desirable 
to use direct-reading thumbwheel switches for channel 
selection. To implement this system with these con- 
straints, it is necessary to calculate the required refer- 
ence frequency (fref). Figure 9 requires a reference fre- 
quency of 10 kHz and N4 must be programmed to only 
0 and 5. 

For any phase-locked loop system it is desirable to 
maintain as high a reference frequency as possible 
while meeting the system requirements. The higher the 
reference frequency, the higher the number of sampling 
pulses received by the phase detector per unit time. This 
results in (1) easier filtering of the control voltage, . 


(2) faster lock-up time, and (3) less noise in the output 
spectrum. The higher reference frequency is also desir- 
able because the reference frequency appears as side- 
bands on the output frequency and the farther the side- 
bands are away from the output the better the system. 
Another advantage of the higher reference frequency is 
the smaller divide ratio required in the programmable 
counter chain. This is advantageous when calculating 
realizable resistors for the filter. 

Figure 10 shows the implementation of the aircraft 
band synthesizer with 25 kHz channel spacing (the 
25 kHz spacing has been proposed to the FCC). Figure 
10 shows the system using an MC4018 as the first 
counter, and has a reference frequency of 6.25 kHz to 
obtain the direct programming. 


FIGURE 9 — 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 50 kHz CHANNEL SPACING 


, fret = 10 kHz 





fret/ P 





Crystal 
Oscillator 





10-13 0-9 
10 MHz Steps 1.0 MHz Steps 
Ny N2 


N = 1000N, + 100N> + 10N3+ Ny 


Phase» 
Detector 




















V oltage- 
' -Controlled 
Oscillator 


Filter and 
Charge 
Pump 










out 







MC4016 


D3 D2 D1 DO 





0-9 Oand5 
100 kHz Steps 10 kHz Steps fout = 108 to 136 MHz 
N3 N4 in50 kHz Steps 


= NP (fro¢/P) 
= Nfre¢ 


FIGURE 10 — 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 25 kHz CHANNEL SPACING 


fret = 6.25 kHz 





fre¢/P 
Crystal Divider 
Oscillator Chain 
MC4018 MC4016 
1013 09 
6.25 MHz Steps 625 kHz Steps 
N4 No 


N = 1600N, + 160N5 + 16N3+ Nq 


Phase 


Detector 





Voltage 
Controlled 
Oscillator 


Filter and 
Charge 
Pump 


fout 





MC4016 MC4018 
D3 D2 D1 DO 
0-9 0,4,8,12 
62.5 kHz Steps 6.25 kHz Steps fout = 108 to 136 MHz 
N3 Ny in 25 kHz Steps 
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= NP (fre¢/P) 
= Nfref 
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Figure 11 shows the FM band implemented with the tions where the channel spacing is 1 x 109 Hz. The 
MC4016 and has a 100 kHz reference frequency. ‘-MC4018 is used when the most significant digit is 
The MC4316/4016 covers phase-locked loop applica- between 9 and 15. 


FIGURE 11 — 88 TO 108 MHz FREQUENCY SYNTHESIZER WITH 200 kHz CHANNEL SPACING 


fref = 100 kHz 
fre¢/P 


Filter and Voltage- 
Charge Controlled 
Pump Oscillator 


Crystal Divider Phase 


Oscillator Chain 


Detector 





out 





M 
MC4018 MC4016 Sure 
D3 D2 D1 DO 
8-10 0-9 0,2,4,6,8 
10 MHz Steps 1.0 MHz Steps 100 kHz Steps fout = 88 to 108 MHz 
N4 No N3 in 200 kHz Steps 
= NP (fro¢/P) 
N = 100N 4 + 10N5 + N3 = Nfref 
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FIGURE 1 — ASTABLE MULTIVIBRATOR 





(AA) (MOTOROLA 


DUAL VOLTAGE-CONTROLLED MULTIVIBRATOR 


The MC4324/4024 consists of two independent voltage- 
controlled miltivibrators with output buffers. Variation of the out- 
put frequency over a 3.5-to-1 range is guaranteed with an input 
dc control voltage of 1.0 to 5.0 voltage. 

Operating frequency is specified at 25 MHz at 25°C. Operation 
to 15 MHz is possible over the specified temperature range. For 
higher frequency requirements, see the MC1648 (200 MHz) or the 
MC1658 (125 MHz) data sheet. 

This device was designed specifically for use in phase-locked 
loops for digital frequency control. It can also be used in other 
applications requiring a voltage-controlled frequency, or as a sta- 
ble fixed frequency oscillator (3.0 MHz to 15 MHz) by replacing 
the external control capacitor with a series mode crystal. 


Maximum Operating Frequency = 25 MHz Guaranteed 
@ 25°C 

Power Dissipation = 150 mW typ/pkg 

Output Loading Factor = 7 


TYPICAL APPLICATIONS 


MULTIVIBRATOR 
+5.0V 25pF isov +5.0V +5.0V 





fout = 10 MHz Crystal frequency can be pulled 
slightly by adjusting P1. 


FIGURE 3 — VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


+5.0 V 100 pF 45o0v 





Vin=2.5 V to 5.5 V 
fout = 1.0 MHz min, 5.0 MHz max 
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FIGURE 2 — CRYSTAL CONTROLLED 





C4324 
-MC4024 


DUAL 
VOLTAGE-CONTROLLED 
MULTIVIBRATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
(TO-116) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC4024 only) 





PIN ASSIGNMENT 
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Vcc: VCM = 1, 13 
Output Buffer = 14 
Gnd: VCM = 5,9 
Output Buffer = 7 
External Capacitor for 
Frequency Range Determination 


ELECTRICAL CHARACTERISTICS 


TEST CURRENT/VOLTAGE VALUES 


@ Test Volts 


| mA 
Temperature | four | tor2 | ton | vin | Voc | Yeon 
{ fos | m2 [-16| 50 | 50 | 45 | 55 
MC4324 





+aec [98 | 12 |-16] 50 | 50 | 45 
trac | a8 | 12 |-16| 50 | 50 | 48 
cm | oc{os | 12 |-16| 50 | 50 | 475 
MC4024 


vc [aa [ n2[-16] 50 | so | 07s 
we [es [2 [-16] 50 [50 | #75 
character Te oo ie foal ee es aes 


TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 
Input 
Forward Current e 100 100 100 100 100 pAdc 
100 100 100 100 100 100 pAdc 

































= 5,7,9 
_ ee g 
pee Voltage VOL 6 | 4 | 4 | 4 { 4 | 4 1,4,14 5,7,9 
8 : 10.13,14 
6 oes 
_8 7.2. _ 
VOH ee 


13,14 5,7,9 
11,13,14 5,7,9 
_ 5,6,7,9 
_— 5,7,8,9 


= 5,7,9 


ee —_ 
Short-Circuit Current - Fil _ Eib - He - Ell - Ee ee 
—20 ~20 —20 —20 ~ alee ee 
- Power Requirements 
(Total Device) 
Power Supply Drain Icc 1,3,14 mAdc 


FIGURE 4 — AC TEST CIRCUIT AND WAVEFORMS 
10 pF* 1. Reset MC3060 


2. Apply ramp voltage 
. “Output” will go high when 
fout > 25 MHz 
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(Vcc = 5.0 Vde, Ta = 25°C) 










































5.0 V 
OV VALUE 
Ramp Output TEST SYMBOL CONDITIONS | Min | Typ 
Sen ae Maximum Operating | Fmax |Cx = 10 pF, Vin = 5.0 Vde |25 MHz|30 MHz 
Frequency Frequency Ratio = 3.5:1 
= ace (75) MC3060 Ratio of Frequency of Fhigh Cx = 100 pF, 
Meh cadaasl Sue NEON Oscillation Over Fj Vin high = 5.0 Vde, 3.5:1.0 | 4.5:1.0 
ena ees = Specified Input OW | Vin low = 1.0 Vde 


Parasitic capacitance. Voltage Range 
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fout Cx, FREQUENCY-CAPACITANCE 


Afout, FREQUENCY DEVIATION (%) 


Afout, FREQUENCY DEVIATION (%) 


PRODUCT (MHz @ pF) 


FIGURE 5 — FREQUENCY-CAPACITANCE PRODUCT 


Vcc = 5.0 V 
Ta = 25°C 
Cx > 100 pF 





.0 3.5 4.0 4.5 
in. DC CONTROL INPUT VOLTAGE (Vdc) 


<= Ww 


FIGURE 7 — TYPICAL FREQUENCY DEVIATION 
‘versus SUPPLY VOLTAGE 















































4.50 4.75 5.00 5.50 


Vec, SUPPLY VOLTAGE (Vde) 


5.25 


FIGURE 9 — FREQUENCY DEVIATION versus 
_ AMBIENT TEMPERATURE 


Ce 
TAP AVE 








NI 


Af, FREQUENCY DEVIATION, RMS (Hz) 
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| | FACLARS Ve 
| nae 
Yi ma 









-15 50 = -25 0 25 50 75 
Ta, AMBIENT TEMPERATURE (°C) 


KyC x 10-8, GAIN CONSTANT (rad/s/V/pF) 


Afout, FREQUENCY DEVIATION (%) 








FIGURE 6 — FREQUENCY-VOLTAGE GAIN 
CHARACTERISTICS 


Vcc = 5.0 V+ 5% 
Tp = 0° to 75°C (MC4024) 
-559 to 125°C (MC4324) 





FIGURE 8 — TYPICAL FREQUENCY DEVIATION 
versus SUPPLY VOLTAGE 









































4.75 5.00 
Vcc, SUPPLY VOLTAGE (Vdc) 


FIGURE 10 — RMS NOISE DEVIATION versus 
OSCILLATOR FREQUENCY 








































































































f, OSCILLATOR FREQUENCY (Hz) 


NOTE: Curves labeled as 3 o limits denote that 99.7% of the devices tested fell within these limits. 
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FIGURE 11 — NOISE DEVIATION TEST CIRCUIT 


20 kHz above 


Signal Generator 





HP 608 

MC4324/4024 Frequency or Equiv 
10.020 MHz 
300 mV 
; 10 mV | 
MC4324/4024 40 dB m\ Produce 30 kHz _—‘|FrequencyMeter Voltmeter 
Under T. Attenuator Detector HP5210A RMS 
nest Test 750 10 MHz 2 or Equiv HP3400A or Equiv 





Frequency Deviation = 





(HP5210A output voltage) (Full Scale Frequency) 


1.0 Volt 


NOTE: Frequency deviation values of either the signal generator or power 
supply should be determined prior to testing. 


APPLICATIONS INFORMATION 


Suggested Design Practices 


Three power supply and three ground connections are 
provided in this circuit (each multivibrator has separate 
power supply and ground connections, and the output 
buffers have common power supply and ground pins). 
This provides isolation between VCM’s and minimizes 
the effect of output buffer transients on the multivibrators 
in critical applications. The separation of power supply 
and ground lines also provides the capability of disabling 
one VCM by disconnecting its Vcc pin. However, all 
ground lines must always be connected to insure sub- 
strate grounding and proper isolation. 

General design rules are: 

1. Ground pins 5, 7, and 9 for all applications, including 

those where only one VCM is used. 

2. Use capacitors with less than 50 nA leakage at plus 
and minus 3.0 volts. Capacitance values of 15 pF or 
greater are acceptable. 

3. When operated in the free running mode, the min- 
imum voltage applied to the DC Control input should 
be 60% of Vcc for good stability. The maximum 
voltage at this input should be Vcc + 0.5 volt. 

4. When used in a phase-locked loop, the filter design 
should have a minimum DC Control input voltage 
of 1.0 volt and a maximum voltage of Vcc + 0.5 
volt. The maximum restriction may be waived if the 
output impedance of the driving device is such that 
it will not source more than 10 mA at a voltage of 
Vec + 0.5 volt. 

5. The power supply for this device should be by- 

_passed with a good quality RF-type capacitor of 500 
~ to 1000 pF. Bypass capacitor lead lengths should be 
kept as short as possible. For best results, power 
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supply voltage should be maintained as close to 
+ 5.0 V as possible. Under no conditions should the 


design require operation with a power supply volt- — 


age outside the range of 5.0 volts + 10%. 


External Control Capacitor (Cx) Determination 
(See Table 1) 


The operating frequency range of this multivibrator is 


controlled by the value of an external capacitor that is | 


connected between X1 and X2. A tuning ratio of 3.5-to- 
1 and a maximum frequency of 25 MHz are guaranteed 
under ideal conditions (Vcc = 5.0 volts. Ta = 25°C). 


Under actual operating conditions, variations in supply . 


voltage, ambient temperature, and internal component 
tolerances limit the tuning ratio (see Figures 7 thru 12). 
An improvement in tuning ratio can be achieved by pro- 
viding a variable tuning capacitor to facilitate initial align- 
ment of the circuit. 

Figures 5 through 9 show typical and suggested design 
limit information for important VCM characteristics. The 
suggested design limits are based on operation over the 
specified temperature range with a supply voltage of 5.0 
volts + 5% unless otherwise noted. They include a safety 
factor of three times the estimated standard deviation. 


Figures 5 and 6 provide data for any external control | 


capacitor value greater than 100 pF. With smaller capac- 
itor values, the curves are effectively moved downward. 
For example, a typical curve of frequency versus control 
voltage would be very nearly identical to the lower sug- 
gested design limit of Figure 5 if a 15 pF capacitor is used. 
To use Figure 5 divide on the ordinate by the capacitor 
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TABLE 1 — EXTERNAL CONTROL CAPACITOR VALUE DETERMINATION 


CONFIGURATION |... | 
TA 


25°C 
+3°C 









Cx = Cxy + CxF 


© fout 


Choose Cxf and Cxy such that 
Cx can be adjusted to: 


K1 


fOH 


With Vin = Vcc = 5.0 V, adjust 
Cx to obtain: 


K3 
—— —§ 


-5<Cy < 
x fOH 










fout = K5 (foH) 
Then: 





Ka 
fOL = <j fOH 


Definitions: foy = Output frequency with Vin = Vcc 
fo_ = Output frequency with Vip = 2.5 V 
(Frequencies in MHz, Cx in pF) 


value in picofarads to obtain output frequency in mega- 
_ hertz. In Figure 6 the ordinate axis is multiplied by the 
capacitor value in picofarads to obtain the gain constant 
(Ky) in radians/second/volt. 


Frequency Stability 


When the MC4324/4024 is used as a fixed-frequency 
oscillator (Vj, constant), the output frequency wil vary 
slightly because of internal noise. This variation is indi- 
cated by Figure 10 for the circuit of Figure 11. These 
_ variations are relatively independent (< 10%) of changes 
in temperature and supply voltage. 


10-to-1 Frequency Synthesizer 


A frequency synthesizer covering a 10-to-1 range is 
shown in Figure 14.Three packages are required to com- 
plete the loop: The MC4344/4044 phase-frequency de- 
tector, the MC4324/4024 dual voltage-controlled multi- 
vibrator, and the MC4318/4018 programmable counter. 


5.0 V 
+5% 
5.0 V 
+ 10% 
5.0 V 

+5% 


5.0 V 
+10% 





5.0 V 


+10% 






VALUES OF K 





Two VCM’s (one package) are used to obtain the required | 
frequency range. Each VCM is capable of operating over 


- a 3-to-1 range, thus VCM11 is used for the lower portion 


of the times ten range and VCM2 covers the upper end. 
The proper divide ratio is set into the programmable | 
counter and the VCM for that frequency is selected by 
control gates. The other VCM is left to be free running 


since its output is gated out of the feedback path. 


Normally with a single VCM the loop gain would vary 


- over a 10-to-1 range due to the range of the counter ratios. 
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This affects the bandwidth, lockup time, and damping 
ratio severely. Utilizing two VCM’s reduces this change | 
in loop gain rom 10-to-1 to 3-to-1 as a result of the dif- 


ferent sensitivities of the two VCM’s due to the different 


frequency ranges. This change of VCM sensitivity (3-to- 
1) is of such a direction of compensate for loop gain 
variations due to.the programmable counter. 

The overall concept of multi-VCM operation can be 
expanded for ranges greater than 10-to-1. Four: VCM’s 
(two packages) could be used to cover a 100-to-1 range. | 
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FIGURE 12 — 10-TO-1 FREQUENCY SYNTHESIZER 
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PHASE-FREQUENCY DETECTOR 


The MC4344/4044 consists of two digital phase detectors, a 
charge pump, and an amplifier. In combination with a voltage 
controlled multivibrator (such as the MC4324/4024 or MC1648), 
it is useful in a broad range of phase-locked loop applications. 
The circuit accepts TTL waveforms at the R and V inputs and 
generates an error voltage that is proportional to the frequency 
and/or phase difference of the input signals. Phase detector #1 


is intended for use in systems requiring zero frequency and phase — 
difference at lock. Phase detector #2 is used if quadrature lock is 
desired. Phase detector #2 can also be used to indicate that the 
main loop, utilizing phase detector #1, is out of lock. 


Operating Frequency = 8 MHz typ 

Input Loading Factor: R, V = 3 

Output Loading Factor (Pin 8) = 10 

Total Power Dissipation = 85 mW typ/pkg 

Propagation Delay Time = 9.0 ns typ 
(thru phase detector) 





LOGIC DIAGRAM 
















Phase 
Frequency 
Detector 
#1 


Amplifier 





Phase 
Frequency 
Detector 
#2 
Output 
Vcc =Pin 14 
GND=Pin 7 


PHASE DETECTOR CHARGE PUMP 


*VMAX Not to exceed 8.0 Vdc. 
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MC4044 


PHASE-FREQUENCY 
DETECTOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
(TO-116) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
MC4044 only 


PIN ASSIGNMENT 


U1 
U2 
PD 
DF 
Amp In 


Output 


AMPLIFIER | 


Output 





g * 





ELECTRICAL CHARACTERISTICS 
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Oo 
Cc 
+ 
uv 
Cc 
= 


TRUTH TABLE 


This is not strictly a functional 
truth table; i.e., it does not show all 
possible modes of operation. It is 
useful for dc testing. 


peeefonee| 
SOK xix xxx Gg 
pre-e-e-fs 

Le) 


== xX x(x KKK 





Phase- 1. X indicates output state unknown. 


Freq 
Detector 


--00 
—_ a ot 
=— = = = =— = = ot ej 


ooo-o0!2o2+0 
~oooco 





2. U1 and D1 outputs are sequential; 
i.e., they must be sequenced in 








or-ooojo0oeg 





#1 a al order shown. 
9 8 3. U2 and D2 outputs are combina- 
tional; i.e., they need only inputs 
Output shown to obtain outputs. 


Phase- 
Freq 

Detector 
#2 TEST CURRENT/VOL TAGE VALUES 


renmtnwre(oufown] one [in] ve] im [vale |vir [vr ver vou | vee [vocx Moan 


MC4344 
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Output (Note 1) 
Output Voltage 










































































VoL 
VOH 
Vou 
VOoH 


VOH 
Short-Circurt Current ie} 
(Note 1) 
Leakage Current IOLK 
(Note 1} 6 
12 
*13 
Diode Voltage Ve 5 
E 


















































iS 
g 
[Ovipor current to | 


Leakage Current lOLK 
: 50 F ¥ A 5 
Power Requirements 
(Total Device) 
Power Supply Drain {oc 40 - 40 - 40 |mAdc 


Note 1. The output state of Pin 2 or Pin 13 depends upon the sequence that has been applied to the R and V inputs as shown in the Truth 
Table. In testing output voltage, the outputs of the device are tested by sequencing through the indicated input states according to 
the Truth Table. Procedures identified by a double asterisk (**) are necessary to change the state of the sequential fogic. When testing 
los and lo_K on Pins 2 or 13, a single asterisk (*) indicates that the R and V inputs are sequenced per the Truth Table to input 
state 11 where the tests are performed. All input, power supply, and ground voltages must be maintained while sequencing and testing 
unless otherwise noted. : i 
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APPLICATION 


- Operation of the MC4344/4044 is best explained by in- 
itially considering each section separately. If phase de- 
tector #1 is used, loop lockup occurs when both outputs 
U1 and D1 remain high. This occurs only when ail the 
negative transitions on R, the reference input, and V, the 
variable or feedback input, coincide. The circuit responds 
only to transitions, hence phase error is independent of 
input waveform duty cycle or amplitude variation. Phase 
detector #1 consists of sequential logic circuitry, there- 
fore operation prior to lockup is determined by initial 
conditions. . ia | 

When operation is initiated, by either applying power 
to the circuit or active input signals to R and V, the cir- 
cuitry can be in one of several states. Given any particular 
starting conditions, the flow table of Figure 1 can be used 
to determine subsequent operation. The flow table in- 
dicates the status of U1 and D1 as the R and V inputs are 
varied. The numbers in the table which are in parentheses 
are arbitrarily assigned labels that correspond to stable 
states that can result for each input combination. The 
numbers without parentheses refer to unstable condi- 
tions. Input changes are traced by horizontal movement 
in the table; after each input change, circuit operation 
will settle in the numbered state indicated by moving 
horizontally to the appropriate R-V column. If the number 
at that location is not in parentheses, move vertically to 
the number of the same value that is in parentheses. For 
a given input pair, any one of three stable states can exist. 
As an example, if R = 1 and V = 0, the circuit will be in 
one of the stable states (4), (8), or (12). 


FIGURE 1 — PHASE DETECTOR #1 FLOW TABLE 







R U1 
Phase- 
Freq 
Detector 
Vv Di 


NNOONNM 


(=) 





1 
5 
5 
9 
5 
5 
9 
5 


oO 


Use of the table in determining circuit operation is il- 


_ lustrated in Figure 2. In the timing diagram, the input to 


R is the reference frequency; the input to V is the same 
frequency but lags in phase. Stable state (4) is arbitrarily 
assumed as the initial condition. From the timing diagram 
and flow table, when the circuit is in stable state (4), 
outputs U1 and D1 are “0” an “1” respectively. The next 
input state is R-V = 1-1; moving horizontally from stable 
state (4) under R-V = 1-0 to the R-V = 1-1 column, state 
3 is indicated. However, this is an unstable condition and 
the circuit will assume the state indicated by moving ver- 
tically in the R-V = 1-1 column to stable state (3). In this 


FIGURE 2 — PHASE DETECTOR #1 TIMING DIAGRAM 


(a) R | “| | | | | | | 


(b) V 


(c) U1 


(d) 01 7~ 


ca (3) a] |()| (7) |.2)| (5) jia)| (7) |(ay{ (5) [tar] (7) |.2)| (5) |(8)| (7) |c2)| (5) [(a)| (7) |¢2)| 


(e) R j | | a | | , | | | | 


(f) Vv 


(g) U1 


lio] (7) fer) sr fer| 7 Jaa @ oe li} 6) |e (7) ||) jie] (7) lira) [te] [ray] 


(h) D1 | | a ae | 2-7 ra r 


(i) RO | | | | | | | | L_J L_I LJ L_J LJ , L 
Gv | | fee [ead or Sl | | Lf | | | 


(7) (2) (5) (8) (2) (3) (8) (1). (3) (2) (5) i= 


(1) D1 


ernest te hs 
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instance, outputs U1 and D1 remain unchanged. The in- 
put states next become R-V = 0-1; moving horizontally 
to the R-V = 0-1 column, stable state (2) is indicated. At 
this point there is still no change in U1 or D1. The next 
input change shifts operation to the R-V = 0-0 column 
where unstable state 5 is indicated. Moving vertically to 
stable state (5), the outputs now change state to U1-D1 
= 1-1. The next input change, R-V = 1-0, drives the cir- 
cuitry to stable state (8), with no change in U1 or D1. The 
next input, R-V = 1-1, leads to stable state (7) with no 
change in the outputs. The next two input state changes 
cause U1 to go low between the negative transitions of 
R and V. As the inputs continue to change, the circuitry 
moves repeatedly through stable states (2), (5), (8), (7), 
(2), etc., as shown, and a periodic waveform is obtained 
on the U1 terminal while D1 remains high. 

A similar result is obtained if V is leading with respect 
to R, except that the periodic waveform now appears on 
D1 as shown in rows e-h of the timing diagram of Figure 
2. In each case, the average value of the resulting 
waveform is proportional to the phase difference be- 
tween the two inputs. In a closed loop application, the 
error signal for controlling the VCO is derived by trans- 
lating and filtering these waveforms. 

The results obtained when R and V are separated by 
a fixed frequency difference are indicated in rows i-| of 
the timing system. For this case, the U1 output goes low 
when R goes low and stays in that state until a negative 
transition on V occurs. The resulting waveform is similar 





to the fixed phase difference case, but now the duty cycle 
of the U1 waveform varies at a rate proportional to the 
difference frequency of the two inputs, R and V. It is this 
characteristic that permits the MC4344/4044 to be used 
as a frequency discriminator; if the signal on R has been 
frequency modulated and if the loop bandwidth is se- 
lected to pass the deviation frequency but reject R and 
V, the resulting error voltage applied to the VCO will be 
the recovered modulation signal. 

Phase detector #2 consists only of combinatorial logic, 
therefore its characteristics can be determined from the 
simple truth table of Figure 3. Since circuit operation re- 
quires that both inputs to the charge pump either be high 
or have the same duty cycle when lock occurs, using this 
phase detector leads to a quadrature relationship be- 
tween R and V. This is illustrated in rows a—d of the timing 
diagram of Figure 3. Note that any deviation from a fifty 
percent duty cycle on the inputs would appear as phase 
error. 

Waveforms showing the operation of phase detector 
#2 when phase detector #1 is being used in a closed 
loop are indicated in rows e-j. When the main loop is 
locked, U2 remains high. If the loop drifts out of lock in 
either direction a negative pulse whose width is propor- 
tional to the amount of drift appears on U2. This can be 
used to generate a simple loss-of-lock indicator. 

Operation of the charge pump is best explained by 
considering it in conjunction with the Darlington ampli- 
fier included in the package (see Figure 4). There will be 


FIGURE 3 — PHASE DETECTOR #2 OPERATION 





(e) R | | | 
OT ee eee ea ee 
(g) U2 | | | | | 


(h) R | | | | 
(i) Vv | | | | 7 | | 
(j) U2 | | | | 
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a pulsed waveform on either PD or PU, depending on the 
phase-frequency relationship of R and V. The charge 
pump serves to invert one of the input waveforms (D1) 
and translates the voltage levels before they are applied 
to the loop filter. When PD is low and PU is high, Q1 will 
be conducting in the normal direction and Q2 will be off. 
Current will be flowing through Q3 and CR2; the base of 
Q3 will be two Vee drops above ground or approximately 
1.5 volts. Since both of the resistors connected to the 
base of O3 are equal, the emitter of 04 (base of 05) will 
be approximately 3.0 voits. For this condition, the emitter 
of Q5 (DF) will be on Vge below this voltage, or about 
2.25 volts. The PU input to the charge pump is high 
(> 2.4 volts) and CR1 will be reverse biased. Therefore 
Q5 will be supplying current to Q6. This will tend to lower 
the voltage at the collector of Q7, resulting in an error 
signal that lowers the VCO frequency as required by a 
“pump down” signal. 


FIGURE 4 — CHARGE PUMP OPERATION 





When PU is low and PD is high, CR1 is forward biased 
and UF will be approximately one Vege above ground 
(neglecting the VcE(sat) of the driving gate). With PD 
high, Q1 conducts in the reverse direction, supplying 
base current for Q2. While Q2 is conducting, O4 is pre- 
vented from supplying base drive to Q5; with Q5 cut off 
and UF low there is no base current for Q6 and the voltage 
at the collector of Q7 moves up, resulting in an increase 
in the VCO operating frequency as required by a ‘pump 
up” signal. 

If both inputs to the charge pump are high (zero phase 
difference), both CR1 and the base-emitter junction of Q5 
are reverse biased and there is no tendency for the error 
voltage to change. The output of the charge pump varies 
between one Vp¢ and three Vpe as the phase difference 
of R and V varies from minus 27 to plus 2m. If this signal 
is filtered to remove the high-frequency components, the 
phase detector transfer function, Kg, of approximately 
0.12 voit/radian is obtained (see Figure 5). 


The specified gain constant of 0.12 volt/radian may not 


be obtained if the amplifier/filter combination is improp- 
erly designed. As indicated previously, the charge pump 
delivers pump commands of about 2.25 volts on the pos- 
itive swings and 0.75 volt on the negative swings for a 
mean no-pump value of 1.5 volts. If the filter amplifier is 
biased to threshold “on” at 1.5 volts, then the pump up 


and down voltages have equal effects. The pump signals 
are established by Vpes of transistors with milliamperes 
of current flowing. On the other hand, the transistors 
included for use as a filter amplifier will have very small 
currents flowing and will have correspondingly lower 
VBeEs — on the order of 0.6 volt each for a threshold of 
1.2 volts. Any displacement of the threshold from 1.5 
volts causes an increase in gain in one direction and a 
reduction in the other. The transistor configuration pro- 
vided is hence not optimum but does allow for the use 
of an additional transistor to improve filter response. This 
addition also results in a non-symmetrical response since 
the threshold is now approximately 1.8 volts. The effec- 
tive positive swing is limited to 0.45 volt while the neg- 
ative swing below threshold can be greater than 1.0 volt. 
This means that the loop gain when changing from a 
high frequency to a lower frequency is less than when 
changing in the opposite direction. For type two loops 
this tends to increase overshoot when going from low 
to high and increases damping in the other direction. 
These problems and the selection of external filter com- 
ponents are intimately related to system requirements 
and are discussed in detail in the filter design section. 


FIGURE 5 — PHASE DETECTOR TEST 
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PHASE-LOCKED LOOP COMPONENTS 
General 


A basic phase-locked loop, when operating properly, 
will acquire (“lock on’’) an input signal, track it in fre- 
quency, and exhibit a fixed phase relationship relative to 
the input. In this basic loop, the output frequency will be 
identical to the input frequency (Figure 6). A fundamental 
loop consists of a phase detector, amplifier/filter, and 
voltage-controlled oscillator (Figure 7). It appears and 
acts like a unity gain feedback loop. The controlled var- 
lable is phase; any error between fj, and fait is amplified 
and applied to the VCO in a corrective direction. 


FIGURE 6 — BASIC PHASE-LOCKED LOOP 
FREQUENCY RELATIONSHIP 


cos Wt Phase- 
tin Locked faut 
Loop 


cos (Ww +g) 


FIGURE 7 — FUNDAMENTAL PHASE-LOCKED LOOP 





Voltage- 


Ehase Amplifier/ Controlled 
Detector j Filter j Oscillator i 


Simple phase detectors in digital phase-locked loops 
usually put out a series of pulses. The average value of 
these pulses is the ‘‘gain constant,’” Kg, of the phase 
detector — the volts out for a given phase difference, 
expressed as volts/radian. 

The VCO is designed so that its output frequency range 
is equal to or greater than the required output frequency 
range of the system. The ratio of change in output fre- 
quency to input control voltage is called “gain constant,”’ 
Ko. If the slope of foyt to Vin is not linear (i.e., changes 

greater than 25%) over the expected frequency range, the 
curve should be piece-wise approximated and the ap- 
propriate constant applied for ‘’best’’ and “‘worst’’ case 
analysis of loop performance. 

System dynamics when in lock are determined by the 
amplifier/filter block. Its gain determines how much 
phase error exists between fjpj and foyt, and filter char- 
acteristics shape the capture range and transient perfor- 
mance. This will be discussed in detail later. 


out 





Loop Filter 


Fundamental loop characteristics such as capture range, 
loop bandwidth, capture time, and transient response are 
controlled primarily by the loop filter. The loop behavior 
is described by gains in each component block of Figure 
8. The output to input ratio reflects a second order low 
pass filter in frequency response with a static gain of N: 





Qols) _ «Kg FKy (1) 
6;(s) a KgKpKy 
N 


_ 1+ 74s 


Ts (2) 


where: Ke 


T1 = R9C and Tz = R4C of Figure 4. Therefore, 





Oo(s) _ N(1 + 14s) (3) 
“Ole) s2NT> 
nisl” (see Tis + 1 

Kgky 


FIGURE 8 — GAIN CONSTANTS 





Kg = Phase Detector Gain (volts/radian) 
Ke = Amplifier/Filter Gain 
Ky = VCO Gain (radians/second/volt) 

N = Integer Divisor 


Both wp, (loop bandwidth or natural frequency) and ¢ 
(damping factor) are particularly important in the tran- 
sient response to a step input of phase or frequency (Fig- 
ure 9), and are defined as: 


_ /KgKy 

on | NT92 (4) 
_ /KeKy(T1 

c= NT92 ( 2 (5) 


Using these terms in Equation 3, 





Gols) N(1. + Tys) 
= (6) 
a(s) s% 2s 
a 
n On 


In a well defined system controlling factors such as 
® p and ¢ may be chosen either from a transient basis 
(time domain response) or steady state frequency plot 
(roll-off point and peaking versus frequency). Once these 
two design goals are defined, synthesis of the filter is 
relatively straight-forward. 

Constants Kg, Ky, and N are usually fixed due to other 
design constraints, leaving T; and T9 as variables to set 
®p and ¢. Since only Tz appears in Equation 4, it is the 
easiest to solve for initially. 


Kak 
eo (7) 
Nwn2 


From Equation 5, we find 


71 = 2 (8) 


Wn 
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FIGURE 9 — TYPE 2 SECOND ORDER STEP RESPONSE 
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Using relationships 7 and 8, actual resistor values may 
be computed: 


_ KoKy 

Ry = Nw72c (9) 
_ 20 

= aC (10) 


Although fundamentally the range of Ri and Rg may 
be from several hundred to several thousand ohms, 
sideband considerations usually force the value of Rj to 
be set first, and then Ro and C computed. 


_ Kak ae 


Calculation of passive components Rog and C (in syn- 
thesizers) is complicated by incomplete information on 
N, which is variable, and the limits of w, and ¢ during 
that variance. Equally important are changes in Ky over 
the output frequency range. Minimum and maximum 
values of w, and ¢ can be computed from Equations 4 
and 5 when the appropriate worst case numbers are 
known for all the factors. 

Amplifier/filter gain usually determines how much 
phase error exists between fj, and foyz, and the filter 
characteristic shapes capture range and transient per- 
formance. A relatively simple, low gain amplifier may 
usually be used in the loop since many designs are not 
constrained so much by phase error as by the need to 
make fjn equal foyt. Unnecessarily high gains can cause 


problems in linear loops when the system is out of lock 
if the amplifier output swing is not adequately restricted 
since integrating operational amplifier circuits will latch 
up in time and effectively open the loop. 

The internal amplifier included in the MC4344/4044 
may be used effectively if its limits are observed. The 
circuit configuration shown in Figure 10 illustrates the 
placement of Ry, Rg, C, and load resistor Ry (1 kM). Due 
to the non-infinite gain of this stage (Ay ~ 30) and other 
non-ideal characteristics, some restraint must be placed 
On passive component selection. Foremost is a lower 
limit on the value of Ro and an upper limit on R41. Placed 
in order of priority, the recommendations are as follows: 
(a) R2 > 50 Q, (b) R1/R2 < 10, (c) 1 kQ < R1 < 5 kQ. 


FIGURE 10 — USING MC4344/4044 LOOP AMPLIFIER 
+5.0 V 





Limit (c) is the most flexible and may be violated with 
either higher sidebands and phase error (Rj > 5 kQ) or 
lower phase detector gain (Ry < 1 kQ). If limit (b) is ex- 
ceeded, loop bandwidth will be less than computed and 
may not have any similarity to the prediction. For an 
accurate reproduction of calculated loop characteristics 
one should go to an operational amplifier which has suf- 
ficient gain to make limit (b) readily satisfied. Limit (a) is 
very important because Tj in Equation 5 is in reality com- 
posed of three elements: 


T =C (Re _ | (12) 


where gm = transconductance of the common emitter 
amplifier. 

Normally gm is large and Tz nearly equals R9C, but 
resistance values below 50 () can force the phase-com- 
pensating “zero” to infinity or worse (into the right half 
plane) and give an unstable system. The problem can be 
circumvented to a large degree by buffering the feedback 
with an emitter follower (Figure 11). Inequality (a) may 
then be reduced by at least an order of magnitude (Rg 
> 5 ) keeping in mind that electrolytic capacitors used 


FIGURE 11 — AMPLIFIER CAPABLE OF HANDLING 
LOWER R2 


+5.0V 
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as.C may approach this value by themselves at the fre- 
quency of interest (wp). 

Larger values of Ry may be accommodated by either 
using an operational amplifier with a low bias current 
(Ib < 1.0 #A) as shown in Figure 12 or by buffering the 
internal Darlington pair with an FET (Figure 13). It is vitally 
important, however, that the added device be operated 
at zero VGs. Source resistor Rq should be adjusted for 
this condition (which amounts to Ipss current for the 
FET). This insures that the overall amplifier input thresh- 
old remains at the proper potential of approximately two 
base-emitter drops. Use of an additional emitter follower 
instead of the FET and Rg (Figure 14) gives a threshold 
near the upper limit of the phase detector charge pump, 
resulting in an extremely unsymmetrical phase detector 
gain in the pump up versus pump down mode. It is not 
unusual to note a 5:1 difference in Kg for circuits having 
the bipolar buffer stage. If the initial design can withstand 
this variation in loop gain and remain stable, the ap- 
proach should be considered since there are no critical 
adjustments as in the FET circuit. 


FIGURE 12 — USING AN OPERATIONAL AMPLIFIER 
TO EXTEND THE VALUE OF R1 


R2 © 
R1 
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FIGURE 13 — FET BUFFERING TO RAISE AMPLIFIER 
INPUT IMPEDANCE 
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FIGURE 14 — EMITTER FOLLOWER BUFFERING OF 
AMPLIFIER INPUT 
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_ DESIGN PROBLEMS AND THEIR SOLUTIONS 


Dynamic Range 


A source of trouble for all phase-locked loops, as well 
as most electronics is simply overload or lack of sufficient 
dynamic range. One limit is the amplifier output drive to 
the VCO. Not only must a designer note the outside limits 
of the dc control voltage necessary to give the output 
frequency range, he must also account for the worst case 
of overshoot expected for the system. Relatively large 
damping factors (¢ = 0.5) can contribute significant 
amounts of overshoot (30%). To be prepared for the worst 
case output swing the amplifier should have as much 
margin to positive and negative limits as the expected 
swing itself. That is, if a two-volt swing is sufficient to 
give the desired output frequency excursion, there should 
be at least a two-volt cushion above and below maximum 
expected steady-state values on the control line. 

This increase in range, in order to be effective, must 
of course by followed by an equivalent range in the VCO 
or there is little to be gained. Any loss in loop gain will 
in general cause a decrease in ¢ and a consequent in- 
crease in overshoot and ringing. If the loss in gain is 
caused by saturation or near saturation conditions, the 
problem tends to accelerate towards a situation where 
the system settles in not only a slow but oscillator manner 
as well. 

Loss of amplifier gain may not be due entirely to nor- 
mal system damping considerations. In loops employing 
digital phase detectors, an additional problem is likely to 
appear. This is due to amplifier saturation during a step 
input when there is a maximum phase detector output 
simultaneous with a large transient overshoot. The phase 
detector square wave rides on top of the normal transient 
and may even exceed the amplifier output limits imposed 
above. Since the input frequency will exceed the RoC 
time constant, gain Ke for these annoying pulses will be 
R2/Rj. Ordinarily this ratio will be less than 1, but some 
circumstances dictate a low loop gain commensurate 
with a fairly high wy. For these cases, R2/R; may be 
higher than 10 and cause pulse-wise saturation of the 
amplifier. Since the dc control voltage is an average of 
phase detector pulses, clipping can be translated into a 
reduction in gain with all the ‘‘benefits” already outlined, 
i.e., poor settling time. An easy remedy to apply in many 
cases is a simple RC low pass section preceding or to- 
gether with the integrator-lag section. To make transient 


_ suppression independent of amplifier response, the net- 


work may be imbedded within the input resistor Ry (Fig- 
ure 15) or be implemented by placing a feedback capac- 
itor across Rg (Figure 16). Besides rounding off and 
inhibiting pulses, these networks add an additional pole 
to the loop and may cause further overshoot if the cutoff 
frequency (w¢) is too close to wy. If at all possible the 
cutoff point should be five to ten times wy. How far w> 
can be placed from w, depends on the input frequency 
relationship to wp, since fin is, after all, what is being 
filtered. A side benefit of this simple RC pulse “‘flattener”’ 
is a reduction in fjp sidebands around foyt for synthe- 
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sizers with N > 1. However, a series of RC filters is not 
recommended for either extended pulse suppression or 
sideband improvement as excess phase will begin to 
build up at the loop crossover (~ w,) and tend to cause 
instability. This will be discussed in more detail later. 


FIGURE 15 — IMPROVED TRANSIENT SUPPRESSION 
WITHR1—Co 





FIGURE 16 — IMPROVED TRANSIENT SUPPRESSION 
WITH R2 — C, 
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Spurious Outputs 


Although the major problem in phase-locked loop de- 
sign is defining loop gain and phase margin under dy- 
namic operating conditions, high-quality synthesizer de- 
signs also require special consideration to minimize 
spurious spectral components — the worst of which is 
reference-frequency sidebands. Requirements for good 
sideband suppression often conflict with other perfor- 
‘mance goals — loop dynamic behavior, suppression of 
VCO noise, or suppression of other in-loop noise. As a 
result, most synthesizer designs require compromised 
specifications. For a given set of components and loop 
dynamic conditions, reference sidebands should be pre- 
dicted and checked against design specifications before 
any hardware is built. 

Any steady-state signal on the VCO control will rogues 
sidebands in accordance with normal FM theory. For 
small spurious deviations on the VCO, relative sideband- 
to-carrier levels can be predicted by: 


sidebands _ VrefKy © 
carrier = - 2wref 





(13) 


where Vref = peak voltage value of spurious frequency 
at the VCO input. 

Unwanted control line modulation can come from a 
variety of sources, but the most likely cause is phase 
detector pulse components feeding through the loop fil- 


where Vref = 


ter. Although the filter does establish loop dynamic con- 
ditions, it leaves something to be desired as a low pass 
section for reference frequency components. 

For the usual case where wyef is higher than 1/T, the 
Ke function amounts to a simple resistor ratio: 


KF (jo) eae _ (14) 


WO = Oref 


By substitution of Equations 9 and 10, this signal transfer 
can be related to loop parameters. 


then _ Xref (15) 
KgKy Vo 


o= ref 


IR 





KF (jo) 


peak value of reference voltage at 

the VCO input, and 

Vd = peak value of reference frequency 
voltage at the phase detector output. 
Sideband levels relative to reference voltage at the 

phase detector output can be computed by combining 

Equations 13 and 15: 


sideband level _ ,, ( CNwp 


16 


From Equation 16 we find that for a given phase de- 
tector, a given value of Ry (which determines Vg), and 
given basic system constraints (N, fref), only ¢ and wp, 
remain as variables to diminish the sidebands. If there 
are few limits on wp, it may be lowered indefinitely until 
the desired degree of suppression is obtained. If wy is 
not arbitrary and the sidebands are still objectionable, 
additional filtering is indicated. 

One item worthy of note is the absence of Ky in Equa- 
tion 16. From Equation 15 it might be concluded that 
decreasing Ky would be another means for reducing spu- 
rious sidebands, but for constant values of ¢ and wy this 
is not a free variable. In a given loop, varying Ky will 
certainly affect sideband voltage, but will also vary ¢ and 
On: | 

On the other hand, the choice of w, may well affect 
spectral purity near the carrier, although reference 
sideband levels may be quite acceptable. 

In computing sideband levels, the value of Vg must be 
determined in relation to other loop components. Resid- 
ual reference frequency components at the phase detec- 
tor output are related to the dc error voltage. necessary 
to supply charge pump leakage current and amplifier bias 
current. From these average voltage figures, spectral 
components of the reference frequency and its harmon- 
ics can be computed using an approximation that the 
phase detector output consists of square waves t seconds 
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wide repeated at t second intervals (Figure 17). A Fourier 
analysis can be summarized for small ratios of 1/t by: 


(1) the average voltage (Vayg) is A(t/t) 

(2) the peak reference voltage value (Vg) is twice Vayg, 
and 

(3) the second harmonic (2f,e¢) is roughly equal in am- 
plitude to the fundamental. 


By knowing the requirements for (1) due to amplifier 
bias and leakage currents, values for (2) and (3) are 
uniquely determined. 


FIGURE 17 — PHASE DETECTOR OUTPUT 


An example of this sideband approximation technique 
can be illustrated using the parameters specified for the 
synthesizer design included in the applications infor- 
mation section. 


Nmax = 30 wp = 4500 rad/s 
Ky = 11.2 x 106 rad/s/V Ry, = 2kO 
Kg = 0.12 V/rad fref = 100 kHz 


C= 08 


Substituting these numbers into Equation 16: 


sideband _ ,, , (0.8)(30)(4500) (17) 
inp % 2m(109)(0.111) 
= Vo (1.55) (18) 


The result illustrates how much reference feedthrough 
will affect sideband levels. If 1.0 mV peak of reference 
appears at the output of the phase detector, the nearest 
sideband will be down 56.2 dB. 

If the amplifier section included in the MC4344/4044 is 
used, with Ry = 1 kQ, some approximations of the value 
of Vg can be made based on the input bias current and 
the value of Rj. The phase detector must provide suffi- 
cient average voltage to supply the amplifier bias current, 
lp, through Rj; when the bias current is about 5.0 wA and 
Ris 2 kQ, Vayq must be 10 mV. From the assumptions 
earlier concerning the Fourier transform, and with the 
help of Figure 18, we can see that the phase detector duty 
cycle will be about 1.7% (A = 0.6 V), giving a fundamental 
(reference) of 20 mV peak. If this value for Vg is substi- 
tuted into Equation 18, the resulting sideband ratio rep- 
resents 30 dB suppression due to this component alone. 

In addition to the amplifier bias current, another factor 
to consider is transistor Q5 reverse leakage current |, 
flowing into pin 10 of the MC4344/4044 charge pump. |) 
is generally less than 1.0 pA and is no more than 5.0 pA 
over the temperature range. A typical design value for 
25°C is 0.1 pA. Both |, and amplifier bias current |p are 
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in a direction to deplenish the charge on filter capacitor 
C. Asecond charge pump leakage, I’, attributed by diode 
CR1 flows out of pin 5. This current, however, is in a 
direction to help supply Ip and |; and thus tends to min- 
imize the discharge of C. Typically I,’ is much less than 
I and, since it is also in a direction to minimize discharge 
of the filter capacitor, it will be ignored in the following 
discussion. The total charge removed from C must be 
replaced by current supplied by the charge pump during 
the next up-date opportunity. This current flows through 
R1. To minimize the effects of |p and I, a relative small 
value of R1 should be chosen. A minimum value of 1 kO 
is a good choice. 


FIGURE 18 — OUTPUT ERROR 
CHARACTERISTICS 
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After values for C and Ra have been computed on the 
basis of loop dynamic properties, the overall sideband 
to fout ratio computation can be simplified. 


Since 
Vava = (Ib + 1) Ry = 2R, (Ib + IL) (22) 


Vgh = 2 (Ip + IL) Ry 


R 
vot Vo (FA) 


II 


2Ro (Ib + IL) 


we find that 
sideband _ Vretky (19) 
fout 2oref 
+ IL)K | 
sideband — 2Ra(Ip + IL)Ky (20) 


fout 2wref 

Equation 20 indicates that excellent suppression could 
be achieved if the bias and leakage terms were nulled by 
current summing at the amplifier input (Figure 19). This 
has indeed proved to be the case. Experimental results 
indicate that greater than 60 dB rejection can routinely 











be achieved at a constant temperature. However when 
_ nulling fairly: large values (> 100.nA), the rejection be- 
comes quite sensitive since leakages are inherently a 
function. of temperature. This technique has proved use- 
ful in achieving improved system performance when 
used in conjunction with good circuit practice and ref- 
erence filtering. __ a fo 


_ FIGURE 19 — COMPENSATING FOR BIAS AND 
"LEAKAGE CURRENT 
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Additional Loop Filtering 


So far, only the effects of fundamental loop dynamics 
on resultant sidebands have been considered. If further 
sideband suppression is required, additional loop filter- 
ing is indicated. However, care must be taken in place- 
ment of any low pass rolloff with regard to the loop nat- 
ural frequency (wy). On one hand, the “corner’’ should 
be well below (lower than) wref and yet far removed 
(above) from wy. Although no easy method for placing 
the roll-off point exists, a rule of thumb that usually works 
is: Wo = 5wp (21) 

Reference frequency suppression per pole is the ratio 


of Oc to Oref: 


SBdB = n 20 logi19 (2) 


ref 


(22) 


where n is the number of poles in the filter. 

Equation 22 gives the additional loop suppression to 
®ref, this number should be added to whatever suppres- 
sion already exists. 

For non-critical applications, simple RC networks may 
suffice, but if more than one section is required, loop 
dynamics undergo undesirable changes. Loop damping 
factor decreases, resulting in a high percentage of 
overshoot and increased ringing since passive RC sec- 
tions tend to accumulate phase shift more rapidly than 
signal suppression and part of this excess phase sub- 
tracts from the loop phase margin. Less phase margin 
translates into a lower damping factor and can, in the 
limit, cause outright oscillation. 

A suitable alternative is an active RC section, Figure 20, 
compatible with the existing levels and voltages. An ac- 
tive two pole filter (second order section) can realize a 
more gradual phase shift at frequencies less than the 
cutoff point and still get nearly equal suppression at fre- 
quencies above the cutoff point. Sections designed with 
a slight amount of peaking (¢ = 0.5) show.a good com- 
promise between excess phase below cutoff (wc), without 
- peaking enough to cause any danger of raising the loop 
gain for frequencies above wy. A fairly non-critical section 
. may simply use an emitter follower as the active. device 
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with two resistors and capacitors completing the circuit - 
(Figure 21). This provides a — 12 dB/octave (— 40 dB/dec- 
ade) rolloff characteristic above wy, though the atten- 
uation may be more accurately determined by Equation 
22. If the sideband problem persists, an additional section | 
may be added in series with the first. No more than two 
sections are recommended since at that time either (1) 
the constraint between wy, and wre¢ is too close, or (2) 
reference voltage is modulating the VCO from a source , 
other than the phase detector through the loop amplifier. 


FIGURE 20 — OPERATIONAL AMPLIFIER LOW PASS FILTER 
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FIGURE 21 — EMITTER FOLLOWER LOW PASS FILTER 
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NOTE: If Vo = Vcc — 1.0 V, 
this stage is susceptible to power 
supply noise. 


Operation without charge pump phase detector #1 of 
the MC4344/4044 can be implemented quite successfully 
in many applications without using the charge pump and 
internal darlington amplifier approach. An operational 
amplifier filter can be used to process the error infor- 
mation appearing at U1 and D1 (pins 13 and 2) directly 
(Figure 22).This phase detector/filter approach offers a 
potentially superior performing system because: 

a. Charge pump delay time is eliminated. | 

b. Charge pump input signed threshold level need not 

be overcome before error information is obtained. 
-.. This can result in a substantial improvement in the 


FIGURE 22—TYPICAL FILTER AND SUMMING NETWORK 
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4044's transfer function linearity in the vicinity of 
zero phase error between the R and V inputs. 

c. The filter amplifier ground location can be separated 
from the phase detector ground. 

d. An “optimum” filter amplifier input threshold of 
approximately two diode drops need not be 
established. 

The filter discussions and relationships developed for 
integrator-log filter sections can be applied to the system 
of Figure 22 and the previously derived equations can be: 
used to determine values for R1, R2 and C. 

It may be desirable to split each of the R1 resistors and 
incorporate a capacitor to ground in a manner similar to 
that shown in Figure 15. This should improve transient 
suppression and provide integration of the U1 and D1 
signals to better enable the operational amplifier to de- 
velop corrective error information from very narrow U1 
and D1 pulse widths. 

Phase error for the circuit in Figure 22 will result from 
input offset voltage in the operational amplifier, resistor 
mismatch and mismatch between the phase detector 
output states appearing at U1 and D1. Phase error can 
be trimmed to zero initially by adjusting either the am- 
plifier input offset or one of the R71 resistors. 


VCO Noise 


Effects of noise within the VCO itself can be evaluated 
by considering a closed loop situation with an external 
noise source, en, introduced at the VCO(Figure 23). Re- 
sultant modulation of the VCO by error voltage, «, is a 
second order high pass function: 


a Ss? 

Wn gd, ST1K¢Ky  K¢Ky 
TQN T2N (23) 
S2 


FIGURE 23 — EFFECTS OF VCO NOISE 
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FIGURE 24 — LOOP RESPONSE TO VCO NOISE 
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Other Spurious Responses 


Spurious components appearing in the output spec- 
trum are seldom due to reference frequency feedthrough 
alone. Modulation of any kind appearing on the VCO con- 
trol line will cause spurious sidebands and can come in 
through the loop amplifier supply, bias circuitry in the 
contro! path, a translator, or even the VCO supply itself. 
Some VCOs have a relatively high sensitivity to power 
supply variation. This should be investigated and its ef- 
fects considered. Problems of this nature can be mini- 
mized by operating all devices except the phase detector, 
charge pump, and VCO from a separate and well isolated 
supply. Acommon method uses a master supply of about 
10 or 12 volts and two regulators to produce voltages for 
the PLL — one for all the logic (including the phase de- 
tector) and the other for all circuitry associated with the 
VCO control line. 

Sideband and noise performance is also a function of 
good power supply and regulator layout. As mentioned 
earlier, extreme care should be exercised in isolating the 
control line voltage to the VCO from influences other than 
the phase detector. This not only means good voltage 
regulation but ac bypassing and adherence to good 
grounding techniques as well. Figure 25shows two sep- 
arate regulators and their respective loads. Resistor Rs 
is a small stray resistance due to a common thin ground 
return for both Ry and R; 2. Any noise in Ri 2 is now 
reproduced (in a suppressed form) across R, 1. Load cur- 
rent from R141 does not affect the voltage across Rj 2. 
Even though the regulators may be quite good, they can 


hold Vo constart only across their outputs, not neces- 


sarily across the load (unless remote sensing is used). 


FIGURE 25 — LOOP VOLTAGE REGULATION 
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This function has a slope of 12 dB/octave at frequencies Return. 


less than wp (loop natural frequency), as shown in Figure. 
24. This means that noise components in the VCO above 
Wp will pass unattenuated and those below will have 
some degree of suppression. Therefore choice of loop 
natural frequency may well rest on VCO noise quality. 






Regulator 
#2 





Regulated 





6-31 





MC4344 e MC4044 








One solution to the ground-coupled noise problem is to 
lay out the return path with the most sensitive regulated 
circuit at the farthest point from power supply entry as 
shown in Figure 26. 

Even for regulated subcircuits, accumulated noise on 
the ground bus can pose major problems since although 
the cross currents do not produce a differential load volt- 
age directly, they do produce essentially common mode 
noise on the regulators. Output differential load noise 
then is a function of the input regulation specification. By 
far the best way to sidestep the problem is to connect 
each subcircuit ground to the power supply entry return 
line as shown in Figure 27. 


FIGURE 26 — REGULATOR LAYOUT 
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FIGURE 27 — REGULATOR GROUND CONNECTION 
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In Figures 25 and 27, Ri. and Ry_2 represent component 
groups in the system. The designer must insure that all 
ground return leads in a specific component. group are 
returned to the common ground. Probably the most 
overlooked components are bypass capacitors. To min- 
imize sidebands, extreme caution must be taken in the 
area immediately following the phase detector and 
through the VCO. A partial schematic of a typical loop 
amplifier and filter is shown inFigure 28 to illustrate the 
common grounding technique. 


Bypassing in a phase-locked loop must be effective at 
both high frequencies and low frequencies. One capacitor 
in the 1.0-to-10 uF range and another between 0.01 and 
0.001 wF are usually adequate. These can be effectively 
utilized both at the immediate circuitry (between supply 
and common ground) and the regulator if it is some dis- 
tance away. When used at the regulator, a single elec- 
trolytic capacitor on the output and a capacitor pair at 
the input is most effective (Figure 29). It is important, 
again, to note that these bypasses go from the input/ 
output pins to as near pane regulator ground pin as 
possible. 


FIGURE 29 — SUGGESTED BYPASSING PROCEDURE 


Sie 





+Vin 


Regulator 


Return 


APPLICATIONS INFORMATION 
Frequency Synthesizers 


The basic PLL discussed earlier is actually a special 
case of frequency synthesis. In that instance, fout = fin, 
although normally a programmable counter in the feed- 
back loop insures the general rule that fout = Nfjn (Figure 
30). In the synthesizer fj, is usually constant (crystal con- 
trolled) and foyt is changed by varying the programmable 
divider (+ N). By stepping N in integer increments, the 
output frequency is changed by fj, per increment. In com- 


‘FIGURE 30:— PHASE-LOCKED LOOP WITH 
PROGRAMMABLE COUNTER 
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rIGUAE 28 — PARTIAL SCHEMATIC OF LOOP 
AMPLIFIER AND FILTER 
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munication use, this input frequency is called the “‘chan- 
nel spacing” or, in general, it is the reference frequency. 

There is essentially no difference in loop dynamic prob- 
lems between the basic PLL and synthesizers except that 
synthesizer designers must contend with problems pe- 
culiar to loops where N is variable and greater than 1. 
Also, sidebands or spectral purity usually require special 
attention. These and other aspects are discussed in 
greater detail in AN-535. The steps for a suitable synthesis 
procedure mav be summarized as follows: 


Synthesis Procedure 


1. Choose input frequency. (f-ef = channel spacing) 
2. Compute the range of digital division: 








f 
Nmax i as 
re 
f é 
Nmin = fet 
re 


. Compute needed VCO range: 


(2fmax — fmin) < fyco < (2fmin — fmax) 


Figure 9. A good starting point is ¢ = 0.5. 
5. Choose wy from needed response time (Figure 9): 


6. Compute C: 
Kak 
C = ae 
Nmax®n*R4 
7. Compute Ro: 
On 


8. Compute Cmax: 





oe Nmax 
Cmax = Smin No. 
min 


9. Check transient response of Cmax for compatibility 
with transient specification. 
. Compute expected sidebands: 
sideband (Ih + IL)RaKy 
fout ref 
(I is about 100 nA at Ty = 25°C.) 


(A) 


11. If step 10 yields larger sidebands than are accept- 
able, add a single pole at the loop amplifier by 


splitting Ry and adding C, as shown in Figure 15: 





Co = 0.8 
Roh 


. Choose minimum ¢ from transient response plot, 
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Added sideband suppression (dB) is: 


dB = 20 logo (B) 


1 
bad £2 
1+ rer 
i 25(wp)2 
12. If step 11 still does not give the desired results, add 
a second order section at w. = 5 wy using either 
the configuration of Figure 20 or 21. The expected 
improvement ts twice tnat of the singie poie in step 
11. 


dB = 40 log g (C) 


Wref 


1 
a 
re ges 


25(w,)2 


Total sideband rejection is then the total of 20 logz9(A) 
+ (B) + (C). 


Design Example (Figure 31) 


Assume the following requirements: 
Output frequency, foyt = 2.0 MHz to 3.0 MHz 
Frequency steps, fj, = 100 kHz 
Lockup time between channels (to 5%) = 1.0 ms 
Overshoot < 20%. 
Minimum sideband suppression 


— 30 dB 


From the steps of the synthesis procedure: 





2. N = —S* = ——— = 30 
As fmin _ 2.0 MHz = 
mi fref. -:0.1 MHz 
3. VCO range: 


The VCO output frequency range should extend 
beyond the specified minimum-maximum limits to 
accommodate the overshoot specification. In this 
instance foyt should be able to cover an additional 
20% on either end. End limits on the VCO are: 


fourmax = 3.0 + 0.2(1.0) = 3.2 MHz 


This VCO range (= 1.8:1) is realizable with the 
MC4324/4024 voltage controlled multivibrator. 
From Figure 5 of the MC4324/4024 data sheet we 
find the required tuning capacitor value to be 120 
pF and the VCO gain, Ky, typically 11 x 106 rad/s/v. 
. From the step response curve of Figure 9,¢ = 0.8 
will produce a peak overshoot less than 20%. 
5. Referring to Figure 9, overshoot with ¢ = 0.8 will 
settle to within 5% at wyt = 4.5. Since the required 
lock-up time is 1.0 ms, 
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6. In order to compute C, phase detector gain and R1 If desired additional sideband filtering can be ob- 

must be selected. Phase detector gain, Kg, for the tained as noted in steps 11 and 12. 

MC4344/4044 is approximately 0.1 volt/radian with = 

Ry = 1k. Therefore, 11. By splitting Ry and Cz, further attenuation can be 

_ | gained. The magnitude of C, is approximately: 
6 
= ss IO “ a 8 pF Cc 0.8 0.8 ~ 0.18 pF 
5 x 10°)4(10 a=, Te oe fad oe 
cae el Ryn. (103)(4.5)(103) 


7. At this point, Ro can be computed: 
Improvement in sidebands will be: 











mi 1.6 
R2 = semi a REC TEESE CL 
On (4.5 x 10°)(1.8 x 10~°%) 20 |og49 ——————- = - 28 dB 
Tee ae (Qn x 109)2 
8. Cmax = tin | max = 0.98 . V 25(4.5 x 103)2 
Nmin 
9. Figure 9 shows that ¢ = 0.98 will meet the settling Nominal suppression is now — 63 dB. Worst-case is 
time requirement. 6 dB higher than nominal suppression of — 57 dB. 
10. Sidebands may be computed for two cases: (1) with This is well within the — 30 dB design requirement, 
I (charge pump leakage current) nominal (100 nA), step 12 is included for completeness only. 
and (2) with IL maximum (5.0 wA). A value of 5 pA 
will also be assumed for the amplifier bias current, 12. Attenuation of a second order filter is double that 
ip: of the single order filter section described in step11. 
6 6 The calculations for a second order filter indicate an 
sideband| _ (10 _x_1079)(200)(11_x_10°) =~ 35 x 10-3 additional — 56 dB of sideband rejection. Figures 20 
fout | max 6.28 x 10° and 21 show two second order filter configurations. 
; ; lf R is assigned a value of 10 kQ then C may be 
The sideband-to-center frequency ratio nominally calculated. 
will be: 
0.1 0.1 
ideband 7 = —~ = —_——____~. = 0.0022 pF 
sideband ve eee en wnR (4.5 x 103)(104) 
= 20 log19(17.85 x 10-3) = -35 dB 


FIGURE 31 — CIRCUIT DIAGRAM OF TYPE 2 
PHASE-LOCKED LOOP 
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Clock Recovery from Phase-Encoded Data 


The electro-mechanical system used for recording dig- 
ital data on magnetic tape often introduces random var- 
iations in tape speed and data spacing. Because of this 
and the encoding technique used, it is usually necessary 
to regenerate a synchronized clock from the data during 
this read cycle. One method for doing this is to phase- 
lock a voltage controlled multivibrator to the data as it 
is read (Figure 32). 

A iypicai data biock using the phase encoded tormat 
is shown in row 1 of Figure 33..The standard format calls 
for recording a preamble of forty “0’’s followed by a sin- 
gle ‘’1"; this is followed by from 18 to 2048 characters 
of data and a postamble consisting of a “1” followed by 
forty ‘‘0’’s. The encoding format records a “0” as a tran- 
sition from low to high in the middle of a data cell. A 
“1” is indicated by a transition from high to low at the 
data cell midpoint. When required, phase transitions oc- 
cur at the end of data cells. If a string of either consecutive 
“O’'s or consecutive ‘1's is recorded, the format dupli- 
cates the original clock; the clock is easily recovered by 
straight forward synchronization with a phase-locked 
loop. In the general case, where the data may appear in 
any order, the phase-encoded data must be processed 
to obtain a single pulse during each data cell before it is 
applied to the phase detector. For example, if the data 


consisted only of alternating ‘’1’’s and “0’s, the phase- 
encoded format would result in a waveform equal to one- 
half the original clock frequency. If this were applied di- 
rectly to the loop, the VCM would of course move down 
to that frequency. The encoding format insures that there 
will be a transition in the middle of each data time. If only 
these transitions are sensed they can be used to regen- 
erate the clock. The schematic diagram of Figure 32in- 
dicates one method of accomplishing this. 

The logic circuitry generates a pulse at the midpoint 
of each data cell which is then applied to the reference 
input of the phase detector. The loop VCM is designed 
to operate at some multiple of the basic clock rate. The 
VCM frequency selected depends on the decoding res- 
olution desired and other system timing requirements. 
In this example, the VCM operates at twenty-four times 
the clock rate (Figure 33,Row 12). 

Referring to Figure 32 and the timing diagram of Figure 
33, the phase-encoded data (Figure 33, Row 1) is com- 
bined with a delayed version of itself (output of flip-flop 
A row 3) to provide a positive pulse out of G3 for every 
transition of the input signal. Portions of the data block 
are shown expanded in row 2 of Figure 33. Flip-flop A 
delays the incoming data of one-half of a VCM clock pe- 
riod. Gates G1, G2 and G3 implement the logicExclusive 
OR of waveforms 1 and 3 except when inhibited by 
DGATE (row 4) or the output of G12 (row 7). DGATE and 


‘FIGURE 32 — CLOCK RECOVERY FROM PHASE-ENCODED DATA 
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| ve 
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All other gates: SN74LS00 


Numbers in parentheses refer to 
waveforms of Figure 32. 
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its complement, DGATE, serve to initialize the circuitry 
and insure that the first transition of the data block (a 
phase transition) is ignored. The MC7493 binary counter 
and the G5-G12 latch generate a suitable signal for gating 
out G3 pulses caused by phase transitions at the end of 
a data cell, such as the one shown dashed in row 6. 

The initial data pulse from G3 sets G12 low and is 
combined with DGATE in G7 to reset the counter to its 
zero state. Subsequent VCM clock pulses now cycle the 
counter and approximately one-third of the way through 
the next data cell the counter’s full state is decoded by 
G11, generating a negative transition. This causes G12 
to go high, removing the inhibit signal until it is again 
reset by the next data transition. This pulse also resets 
the counter, continuing the cycle and generating a pos- 
itive pulse at the midpoint of each data cell as required. 

Acquisition time is reduced if the loop is locked to a 
frequency approximately the same as the expected data 
rate during inter-block gaps. InFigure 32,this is achieved 
by operating the remaining half of the dual VCM at 
slightly less than the data rate and applying it to the 
reference input of the phase detector via the G8-G9-G10 
data selector. When data appears, DGATE and DGATE 
cause the output of G3 to be selected as the reference 
input to the loop. 


The loop parameters are selected as a compromise . 


between fast acquisition and jitter-free tracking once syn- 
chronization is achieved. The resulting filter component 


values indicated in Figure 32 are suitable for recovering | 


the clock from data recorded at a 120 kHz rate, such as 
would result in a tape system operating at 75 i.p.s. with 
a recording density of 1600 b.p.i. Synchronization is 
achieved by approximately the twenty-fourth bit time of 
the preamble. The relationship between system require- 
. ments and the design procedure is illustrated by the fol- 
lowing sample calculation: 

Assume a — 3.0 dB loop bandwidth much less than the 


input data rate (~ 120 kHz), say 10 kHz. Further, assume 


a damping factor of ¢ = 0.707. From the expression for 
loop bandwidth as a function of damping factor and un- 
damped natural frequency, wp, calculate wy as: 


Vp 


- bes dB = on ( a ze + pe AC2 + a) (24) 


or for w -3 dB = (2n)104 rad/s. and = 0. 707: 


(2n)104 


= 05 104 rad/ 
on "2.06 = (3.08) ra so 
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As a rough check on acquisition time, assume that 
lockup should occur not later than half-way through a 40- 
bit preample, or for twenty 8.34 ys data periods. 

wat = (3.05)104(20)(8.34)10-6 = 5.1 (26) 
From Figure 9, the output will be within 2 to 3% of its 


final value for w yt ~ 5 and ¢ = 0.707. The filter compo- 
nents are calculated by: 7 


Roky _ 2 27 
RiCN.” en 
and 
KgkyRo _ 
R4N 

Kg = 0.115 v/rad 
Ky = (18.2) 106 rad/s/volt 

N = 24 = Feedback divider ratio 
wy = (3.05) 104 rad/s 


26wn (28) 


where 


C=0.707 | ‘ | 
KgKy _ (0.115)(18.2)108 _ 4 
© oe Gees (8.72)10 
From Equation 27: 
KgKy  (8.72)104 
RyC = SEEN. PE 34)10-5 
1 = Non? = (3.05)2108 ~ (9:94)10 
From Equation 28: 
.707)(3. 4 
R2 _ 2lw_N _ 2(0.707)(3.05)104 _ Nase at 
Ry  KgKy (8.72)104 
Let Ry = 3.0 kQ; then Ro = 1.5 kM and 
(9.34)10-5 
= —— = (3.1)10-8 
(3.0)103 } 


or. using a close standard value, use C = 0.033 wF. Now 
add the additional prefiltering by splitting R1 and select- 
ing a time constant for the additional section so that it 
is large with respect to RaC9. : 


-10(%R4)Cc = RoC 
or | | 


Se ca fe ea 


3300 pF 
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FIGURE 33— TIMING DIAGRAM — CLOCK RECOVERY FROM PHASE-ENCODED DATA 
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ANALOG MIXER 


ANALOG MIXER 


The MC12002 is a double balanced analog mixer, including an 
input amplifier feeding the mixer carrier port and a temperature 
compensated bias regulator. The input circuits for both the ampli- 
fier and mixer are differential amplifier circuits. The on-chip reg- 
ulator provides all of the required biasing. 

This circuit is designed for use as a balanced mixer in high- 
frequency wide-band circuits. Other typical applications include 
suppressed carrier and amplitude modulation, synchronous AM 
detection, FM detection, phase detection, and frequency doubling, 
at frequencies up to UHF. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


LOGIC DIAGRAM PIN ASSIGNMENT 


Regulator 
Bypass 
Local 
Oscillator 13 [7] Resistor Load 
Input 
Local! 
Oscillator 12 [_] Data Output 
Input 
Alternate 
Signal 11 LJ Data Output 
Input 


ort 


Local Carrier 
Oscillator Amplifier p Output 


Inputs 
Mixer 





Signal Signal 
Inputs Port 


Null Adjust Regulator 
Bypass 
Mixer Signal 


Null Adjust 
nput 


Regulator 


VEE 
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ELECTRICAL CHARACTERISTICS 


VOLTAGE APPLIED TO PINS 
Test Limits LISTED BELOW 
T 





“4 


Pin r ‘ F 
Under — 30°C + 25°C + 85°C 


Characteristic Symbol! Test | Min | | Min | Max | Min | Max | Unit ViHmax |ViLmin| Vcc | Gnd 
Power Supply Drain | icc | | —] — | — | 6 | — | 





Output Current 








Input Current linH 2 11,12,14 
3 11,12,14 
8 11,12,14 
2 11,12,14 
link 2 
3 
8 
9 
104 11 0.7 | 1.3 
12 0.7 1.3 






109 11 21 | 39 11,12,14 
12 21 | 39 11,12,14 
lout } 11 11,12,14 
11 7.8 11,12,14 
12 7.8 11,12,14 


11,12,14 | 5,6 





12 2 7.8 
Differential Current AlOz | 11,12 | —100] +100 | —100 | +100 | —100] +100] pAdc 
AlOd | 11,12 | —200} +200 | —200| +200] —200 | +200] wAdc 
, : d 2.3 


Bias Voltage a 





l 
w 
° 
< 


AC Gain (See Figure 1) 


(Frequency = 
100 MHz) *Note 


*Note: AC Gain is a function of collector load impedance. 





—_ —_ 
— — 
lel 
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ANALOG MIXER CIRCUIT SCHEMATIC 


350 














O.1uf Local Oscillator 


Outputs 
Inputs 





—5.0V 
Note 1: 
Vit = —3.0 V on pin 3 when pin 8 is under test. All input and output 
Vit = —3.0 V on pin 9 when pin 2 is under test. cables to the scope are 


equal lengths of 50-ohm 

coaxial cable. 

The unused output is 

Signal B = 300 mV p-p connected to a 50-ohm 
resistor to ground. 


Signal A= 30 mV p-p 


Freq. = 100 MHz 
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Signal A 
Input (Pin 2) 


r™ ™ lm 
Output (Pin 12) | ASN NY 


Output (Pin 11) 


Signal B Input (Pin 8) 
Output (Pin 12) 


Output (Pin 11) 


FIGURE 2 — CARRIER FEEDTHROUGH TEST CIRCUITS 


Tektronix Sampling Volt meter 
454 and 568 Hewlett Pack ard 
Oscilloscopes 1.0uf 3406A or Equiv. 












Local Oscillator 
Inputs 






Outputs 







Mixer 


Inputs 
Hewlett Packard 






—— 1.0uf 
651A and 3300B — Reg. : 
100 kHz to 100 MHz Bypass VEE Adjust Vee 
@ 30 mV p-p atin ewe 
0.1 uf 
— +5.0V = 

Notes: 

Test 1—Adjust potentiometer for carrier null at f, = 100 kHz. All input and output 

Test 2—Connect pins 5 and 6 to Gnd. cables to the scope are 


equal lengths of 50-ohm 
coaxial cable. 
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FIGURE 3 — CARRIER FEEDTHROUGH VERSUS 
FREQUENCY (Test 1) 


FIGURE 4 — CARRIER FEEDTHROUGH VERSUS 
FREQUENCY (Test 2) 
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FIGURE 5 — CARRIER SUPPRESSION TEST CIRCUIT 


Hewlett Packard 3406A 
Sampling Voltmeter 







Local Oscillator 
Inputs 







Hewlett 
Packard 
TEE 11536A = 














Mixer Reg. 
Inputs Bypass 
Hewlett Packard 
651A and 3300B 
100 kHz to 400 MHz 
@ 30 mV RMS. — 
Hewlett Packard 
651A 10 kHz 
@ 150 mV R.M.S. 





All input and output 
cables to the scope are 
equal lengths of 50-ohm 
coaxial cable. 


O 
—5.0V 


Notes: 
Test 1 — Adjust potentiometer for carrier null @ f, = 100 kHz 
Test 2 — Connect pins 5 and 6 to —5.0 volts 
Test 3 — Adjust potentiometer for carrier null @ 25°C 


FIGURE 7 — CARRIER SUPPRESSION VERSUS 
FREQUENCY (Test 2) 
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FIGURE 6 — CARRIER SUPPRESSION VERSUS 
FREQUENCY (Test 1) 
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log, OUTPUT OFFSET CURRENT (uA) 





FIGURE 8 — CARRIER SUPPRESSION 
VERSUS TEMPERATURE 







fc = 10 MHz @ 30 MVrms 
fs = 10 KH7 @ 150 murmes 


CARRIER SUPPRESSION (dE) 


-55 -25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 9 — OUTPUT OFFSET CURRENT (igo) 
VERSUS TEMPERATURE 


1.0uf 


Local Oscillator 
1.0uf Inputs 


Outputs 
1.0uf 






Mixer 





1.0uf Inputs 
nee. Pe 
B $ 
ae ypas a VEE Vec 


0.1 uf loo = 144 — hha 





~T 


—5.0V 


Notes: 
Test 1 — Pins 5 and 6 left open 
Test 2 — Pins 5 and 6 are tied to —5.0 volts 


FIGURE 10 — OUTPUT OFFSET CURRENT FIGURE 11 — TYPICAL INPUT IMPEDANCE 
VERSUS TEMPERATURE ; VERSUS FREQUENCY (NO CIRCUIT) 


Ry RESISTANCE (Ohms) 


~ LOCAL OSCILLATOR — 
AND SIGNAL INPUTS 


~25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (MHZ) 
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TWO-MODULUS PRESCALER 


These devices are two-modulus prescalers which will divide by 
5 and 6, 8 and 9, and 10 and 11, respectively. A MECL-to-MTTL 
translator is provided to interface directly with the MC12014 
Counter Control Logic. In addition, there is a buffered clock input 
and MECL bias voltage source. 


600 MHz (Typ) Toggle Frequency 

MC12009 {+ 5/6), MC12011 (= 8/9), MC12013 (+ 10/11) 
MECL to MTTL Translator on Chip 

MECL and MTTL Enable Inputs 

+5.0 or —5.2 V Operation* 

Buffered Clock Input — Series Input RC Typ, 20 Ohms and 4 
pF 

Ves Reference Voltage 

@ 310 Milliwatts (Typ) — 


*When using a +5.0 V supply, apply +5.0 V to Pin 1 (Vcco), Pin 
6 (MTTL Vcc), Pin 16 (Vcc), and ground Pin 8 (Veg). When using 
—5,2 V supply, ground Pin 1 (V¢eco), Pin 6 (MTTL Vcc), and Pin 
16 (Vcc) and apply —5.2 V to Pin 8 (VEE). If the translator is not 
required, Pin 6 may be left open to conserve dc power drain. 


MAXIMUM RATINGS 


: Se eee 


(Ratings above which device life may be pares 












Power Supply Voltage - 
(Vcc = 0) 


| Input Voltage © 


put \ Oto VEE 

(Vcc = 0) 

Output Source Current He 
Continuous <50 
Surge <100 


Storage Temperature Range —65 to + 175{ °c 


(Recommended Maximum Ratings above which ane may be eer 


—30 to +85 
a tee 




















Operating Temperature Range 
MC12009, MC12011, MC12013 
*DC Fan-Out (Gates and Flip-Flops) a 


*AC fan-out is limited by desired system performance. 
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-MC12009 
MC12011 
MC12013 


MECL PLL COMPONENTS 


TWO-MODULUS 
PRESCALER 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN ASSIGNMENT. 


15{_]Clock 


13|_JE1 MECL 

12[_]E2 MECL 

MTTLVccL]6 ——s11|_JE3 MECL 
MTTL Output L_] 7 10|_JE4 MTTL 





MC12009 e MC12011 @ MC12013 


FIGURE 1 — LOGIC DIAGRAMS 


MC12009 





MTTLES5 9 
MTTLE4 10 
MECLE3 11 
MECLE2 12 
MECLE1 13 -— 
~~ Recommended Circuitry VBB 
A For ac coupled Inputs. | | 
180+ S254 Wer o onto ee ------014 3 2 
7331000 pF 1k 73.0.1 MF Q3 Q3 


® Clock Input 


MC12011 


MTTLES5 9 
MTTLE4 10 
MECL E3 11 
MECLE2 12 
MECLE1 13 










For ac coupled Inputs. 
150------ Wier mo (—-e ------014 


#1000 pF 1k 730.1 WF 
® Clock Input — 


MC12013 


+ 10 for one or all 

E1 thru E5 high 

+11 for ail 

E17 thru E5 low 

Tie unused gate inputs low. } de 


MTTLES5 9 9 


) > D al D a2 D a3 
MTTLE410 ° 
MECLE311 * ) > Lae 
MECLE212 0 e = 
MECLE113 0 





— 7 Recommended Circuitry VeBB 
; ‘ as For ac coupled Inputs. 
Pull-down resistors required on O 
Pins 2, 3 wh t connected ee ta a ec a ar Se ee ee 3 
UE ne ee te 7321000 pF 1k 2350.1 uF 5a 


to translator. 
Basic IC Capability: + 10/11 





® Clock Input = 


FIGURE 2 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION 
Phase Detector ewe Pass Riker Voltage-Controlled 
MC4044 a Oscillator MC1648 
Counter Control Logic ed ae 


MC12014 MC12013 


Zero Detect Line 


=Np Programmable +A Programmable 
Counter MC4016 Counter MC4016 


Counter Reset Line 
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ELECTRICAL CHARACTERISTICS ......... _. . . Supply Voltage —5.2 V 

These devices are designed to meet the dc specifications shown in the test 
table after thermal equilibrium has been established. Outputs are terminated 
through a 50-ohm resistor to —2.0 Vdc. 











TEST VOLTAGE/CURRENT VALUES 
Volts 


a ee ee ee ViIHT]VILT x Pe 


F-o.880 | -1.990 | 1.205 | -1800 Je} a7] 32] 44] -52[-025] 16-040. 
F-oa10 | -1950[ 1105] 1475 [2a] 47] 39] aa] -52|-025] 16] 040] 


: MC12009, MC12011, MC12013 
Pin TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW 
Symbol | Test Unit ViHAmin|V1LAmax Vint] Viet] Vee] tt | tor] ton | Gna 


mAdc . 8 - 1,16 
mAdc - 8 Sy 6 


| LTTE SiR ai 


cfm s eT TPT PT 
ee ee 


6.4 mAdc : 
< 






@Test 
Temperature 























Characteristic 


Power Supply Drain 
Current 


Input Current 








—- 3 
WN 





oer: 
6.0 
6.0 
| | 30 
100 
=e 
15 -10 -10 
11 
12 
13° = 
: mAdc 
eae 
a 
an 
Seer 


3.6 mAdc 


100 uAdc 
100 uAdc 


=o =}@e 


Leakage Current 


E 
: 


cb 
= 
i 
-- 


ss 
-1.6 

-_ 

Fa ie 

a 

<a 












Reference Voltage 





Logic ''1"' Output Voltage 





11,12,13 
1171243 


a Pe 
11,12,13 
Vena 


20 -1.100 | -0.890 -1.000 
-1.100 | -0.890 -1.000 


-0.810 } -0.930 }| -0.700 | Vdc 
-0.810 | -0.930 | -0.700| Vdc 
a 
-1.990 } -1.675 | -1.950 -1.650 | -1.925 | -1.615 | Vdc 
-1.990 | -1.675 | -1.950 -1.650 | -1 aa -1615 | Vd 
eed 
-1.120 ~~-1.020 -0. — Vdc 11,12,13 
-1.120 - =1.020 -0.950 Vdc 11,12,13 
-1.630 -1.595 | Vdc 11,12,1 
-1.630 -1.595 {i Vv 11,12,1 
p20 [asf 20 frasef 8 


@ Test outputs of the device must be tested by sequencing through the truth table. All input, power supply and ground voltages must be maintained between 
tests. The clock input is the waveform shown. 
@ In addition to meeting the output levels specified, the device must divide by 5, 8, or 10 auiae this test. The clock input is the waveform shown. 
: @ In addition to meeting the output levels specified, the device must divide by 6, 9, or 11 during this test. The clock input is the waveform shown. 


! 
N 
ioe) 





Logic ‘'0’’ Output Voltage 


Logic ‘'1"' Threshold VOHA 
Voltage _@ 
Logtc ‘‘0"’ Threshold 

Voltage 


mn pe xX im ies ape 
= 1 MER N) os 
1 1 
oo 
re 
no 





Q 
(eo) 


Short Circuit Current 


oO oO oOo oO 
~ reas ae acer 
oo Ooo 

oOo 

oo 





Aine 


< 
oO 
TC 
> 
“yd 
=a 
ao 
oo 
or oF 





Clock Input 
“VilHmax 


Vitmin 


= 
© 
nD 
rm) 
© 
© 
®@ 
= 
© 
om, 
NO 
© 
aa, 
onl 
@ 
= 
©) 
4 
NO 
o 
coh, 
es) 
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ELECTRICAL CHARACTERISTICS ............ Supply Voltage +5.0 V 


These devices are designed to meet the dc specifications shown in the test 
table after thermal equilibrium has been established. Outputs are terminated 
through a 50-ohm resistor to +3.0 Vdc. 


TEST VOLTAGE/CURRENT VALUES 


@ Test Volts 


Temperature Vittmax | Vitmin | Vin Amin VitAmax Vin | Vint] Vie 
5 


-30°C 


18 [5 


+ 
+ 














Characteristic 


Power Supply Drain ‘ec 
Current 'cc2 


Input Current 15 





a 
= 
4 


Pin MC12009, MC12011, MC12013 


6.0 2.0 6.4 mAdc 
[30 [10 [36 [made 


100 100 uAdc 
100 100 uAdc 


_ 
baat 
a 


nN 
(on) 
jo) 


Leakage Current 15 


t 
jo) 





wWwrno- 
<< -— 


9 -1.6 
-1.6 





-1.6 

-1.6 
3.900 4.110 4.000 
3.900 4.110 4.000 


~1.6 mAdc 
-1.6 mAdc 
ser [| | (vee | 


4.190 4.070 4.300 | Vde 
4.190 4.070 4.300 | Vdc 


Reference Voltage Vesa 


Logic ''1’’ Output Voltage 


| fae| 






N 
fee] 


| vas [3 


Sloe 
cic Oe 
clel-s 


Logic ‘’0’’ Output Voltage | Vo 3.070 | 3.385 | 3.110 3.410 | 3.135 | 3.445 | Vdc 11;12,13 9,10 
pf ose | = fT 80 Tora Tvoc fa | a a 
Logic ‘'1"’ Threshold VOHA 3.880 3.980 4.050 Vdc 11,12,13 9,10 
oe ee Ee ee Ee ee moe 
Voltage @ 3.405 3.430 3.465 | Vdc 11,12,13 


® Test outputs of the device must be tested by sequencing through the truth table. All input, power supply and ground voltages must be maintained between 
tests. The clock input is the waveform shown. 

® In addition to meeting the output levels specified, the device must divide by 5, 8, or 10 during this test. The clock input is the waveform shown. 

® In addition to meeting the output levels specified, the device must divide by 6, 9, or 11 during this test. The clock input is the waveform shown. 








4 
< 
2) 
OQ 
| 
oJ 
- 















Clock Input 


| — 
Viton 





ECLOSLOW @ LLOCLOIN © GO0CLOW 





MC12009 e MC12011 @ MC12013 





SWITCHING CHARACTERISTICS 





















MC12009, MC12011, MC12013 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW: 


sts 
-3.0 V /}-3.0 V +2.0 

: 

8 

8 

8 

8 

8 

8 


Characteristic 
























Propagation Delay 1542+ 

(See Figures 3 and 5)} ty542- 2 

tS474 7 

t5-7- 7 

Setup Time tsetup] 

(See Figures 4and 5) tsetup2 
Release Time trel1 


(See Figures 4 and 5)}_— trei2 
































Toggle Frequency f max 2 
(See Figure 6) 
MC12009 : 5/6 8 
MC12011 ° 8/9 8 








MC12013 °° 10/11 





*Test inputs sequentially , with Pulse Generator 2 or 3 as indicated connected to input under test, and the voltage indicated applied to the other input(s) of the same type (i.e, MECL or MTTL). 











FIGURE 3 — AC VOLTAGE WAVEFORMS 


Pulse 
Generator 
1 





V : 
tt+-—. IL min 


Q (Pin 2) 50% 
tt- 


© (Pin 3) 50% 


+{n 


MTTL 
Out 
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FIGURE 4 — SETUP AND RELEASE TIME WAVEFORMS 


Pulse 80% Vitmin 
Generator 50% 
1 Scetubt rae 20% rr Vitmin 
Pulse oe ViHmin 
‘ Gene t ” 9 
nerator 20 > ee Viv nin 


2 tsetup2 - = 


Pulse 90% aN 
Generator Ct = ae oe VEE 
3 #15 V3 
GQ (Fin 2) / Divide by 5 — MC12009 

Divide by 8 -- MC12011 


Divide by 10 — MC12013 


Pulse V : 
5 {~~ tHmin 
Generator 50% 80% 
~ -«trel 20% —Vitmin 
Pulse 


Generator 50% 
2 tret2 - TF 


20% Vitmin 


Generator 10% V 
3 -15 A eg RO Ge ee PE Se ee PR ea ee a 
Q (Pin 2) Divide by 6 - MC12009 
Divide by 9 — MC12011 
Divide by 11. -MC12013 


FIGURE 5 — AC TEST CIRCUIT 


Pulse 
Generator 


#1 


Pulse 
Generator 


#2 


Pulse 
Generator 
#3 


Vip 


(Scope Channel A) 


MC10109 or equiv. 


All Pulse Generators are EH 137 or equiv. 
Pulse Generators 1 and 2: 
PRF = 10 MHz 
PW ~ 50% Duty Cycle 
=t-=2.0+ 0.2 ns 


All resistors are + 1%. 


Vout (Scope Channel B) 


Vee = -3.0 V 


All input and output cables to the scope are equal lengths of 50 ohm coaxial cable. 


The 1950-ohm resistor at Pin 7 and the scope termination impedance constitute a 40:1 


Pulse Generator 3: 
PREF = 2.0 MHz 
PW = 50% Duty Cycle 
t+ =t- =5.0+ 0.5 ns 


attenuator probe. 
Cr * 15 pF = 
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total parasitic capacitance which includes probe, wiring, and load capacitance. 
Unused output connected to a 50-ohm resistor to ground 











MC12009 © MC12011 © MC12013 


FIGURE 6 — MAXIMUM FREQUENCY TEST CIRCUIT 





= Vv 
+2. out 
Vogr42 Ov . 


fe] 


(To Scope) 













Sine Wave 
Input 
Unused output connected to a 50-ohm resistor to ground 
DIVIDE BY 6 
800 mV 
Clock 
Input 
850 mV typ 
Q (Pin 2) 
DIVIDE BY 9 
800 mV 
Clock 
Input 
850 mV typ 
Q (Pin 2) 5 Cycles ——- -4 Cycles 
DIVIDE BY 11 
800 mV 
Clock 
Input 
850 mV typ 
Q (Pin 2) 
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MC12009 e MC12011 e MC12013 


FIGURE 7 — STATE DIAGRAM 


DIVIDE BY 5/6 (MC12009/MC12509) 





110 100 000 





— ——Enable 1 


DIVIDE BY 8/9 (MC12011) 








Enable = 0 
Enable = 1 


—-— — Enable - 1. 


DIVIDE BY 10/11 (MC12013) 





| — 
enable 0 Enable = 1 


NOTES: 
—-—-— Enable = 1. 


The State of the Enable is important only for the positive 
Clock Transition when the counter is in state 1100. 
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APPLICATIONS INFORMATION 


The primary application of these devices is as a high- 
speed variable modulus prescaler in the divide by N 
section of a phase-locked loop synthesizer used as the 
local oscillator of two-way radios. The theory and ad- 
vantages of variable modulus prescaling, along with 
typical applications, are covered in Motorola’s ‘’Elec- 
tronic Tuning Address Systems” (SG72). 

Proper VHF termination techniques should be fol- 
lowed when the clock is separated from the prescaler 
by any appreciable distance. | 


In their basic form, these devices will divide by 5/6, 
8/9, or 10/11. Division by 5, 8, or 10 occurs when any 
one or ail of the five gate inputs E1 through E5 are high. 
Division by 6, 9, or 11 occurs when all inputs E1 through 
E5 are low. (Unconnected MTTL inputs are normally 
high, unconnected MECL inputs are normally low). With 
the addition of extra parts, many different division con- 
figurations may be obtained (20/21, 40/41, 50/51, 100/ 
101, etc.) A few of the many configurations are shown 
below, only for the MC12013 


FIGURE 8 — DIVIDE BY 10/11 (MC12013) 





erler[ a [ a 


Enable = 0 


Enable = 1 
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MC12009 e MC12011 e MC12013 


FIGURE 9 — DIVIDE BY 20/21 (MC12013) 


count | or 4 92 108 fas faa 






E2+€3+E4+ES5= 1 


To obtain an MTTL output, connect Pins 5 and 4 to Pins 2 and 3 respectively. 
Termination resistors for the MECL outputs are not shown, but are required 
except for the flip-flop driving the translator section. 

The + 20/21 counter may also be built using an MTTL flip-flop by connecting 
Pins 5 and 4 to Pins 2 and 3 respectively, and driving the MTTL flip-flop with Pin 
7. MC12013 inputs E4 and E5 are used rather than E1. With E1 + E2 + E3 = 0, 
operation remains as shown. 





FIGURE 10 — DIVIDE BY 40/41 (MC12013) 








For ->40: E4+E5= 1 
For +41: E4+E5=0 





MC10131 Termination resistors for MECL 
Outputs are not shown, but are 
required except for the flip-flop 
driving the translator section. 
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(AA) MOTOROLA MC12014 


~ COUNTER CONTROL 
LOGIC 


COUNTER CONTROL 
LOGIC 


The MC12014 monolithic counter control logic unit is designed 
for use with the MC12013 Two-Modulus Prescaler and the MC4016 


Programmable Counter to accomplish direct high-frequency pro- 
gramming. The MC12014 consists of a zero detector which con- 
trols the modulus of the MC12013, and an early decode function 
which controls the MC4016. The early decode feature also in- 
creases the useful frequency range of the MC4016 from 8.0 MHz 


to 25 MHz. | P SUFFIX 


PLASTIC PACKAGE 
CASE 648 





LOGIC DIAGRAM 








B1 10 oO 
P1 14 © L SUFFIX 
Bo 11.0 CERAMIC PACKAGE 
CASE 620 
P2 12 0 
P3.2=i«13:sc 
PIN ASSIGNMENT 
fin 1 0 
(Clock) 
7 Enable Reset ; 
| Foo) 
| | 
| | 
| | 
Vcc =Pin 16 
Gnd=Pin 8 L 
20 2 0 Enable Out 
21 3 0 Gnd 
22 4 © 
23 5 Oo 
B2 6 0 
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GS-9 


tested in the same manner as the ZO input. 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for the fj,, ZO, 
B1 and P1 inputs. All other inputs are 


TEST CURRENT/VOLTAGE VALUES (All Temperatures) 





ay 
5 






Test Limits 
Linder 0 to +75°C 










Characteristic Test | Min | Max | Unit | Io 
input 
Forward Current Me 1 - mAdc 
2 
10 | 
14 
Leakage Current 11H 1 “wAdc ‘ 
2 8 
10 | 1 
14 Ay 
IWHH 1 mAdc 8 
2 8 
10 1 
14 1 
8 





Clamp Voltage 7 
Output 
Output Voltage 





Vdc 11,12,13 
Vdc 11,12,13 
8 
Short-Circuit Current -20 Vde 78 
-20 Vde 8,9 


o o ~ a 
aes 
NN 
Ab 
oo 
wo 
a 
aac 
a a 


Power Requirements 
Power Supply Drain lcc 


*Output level to be measured after waveform 1 is applied to fy, pin 1. 
**Qutput level to be measured after waveform 2 is applied to fj, pin 1. 


—VIH ViH 
Waveform 1: | i Waveform 2: 
Vit — VIL 








VLOCLOIN 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, waveform letters refer to waveforms on next page.) 


Bi ecreste carat voor a 
Test 
Symbot pin {Ove} in | Mex in Te | Mex | win | Mex 


Characteristic 


Propagation Delay 
| tPHLA | L1 11,12, r—41,12,13 J 


am ee 
tPLH2 bi i bg li be 7 2 L 7 ee 
2,4,5,11,12,13 
| 2,3,5,11,12,13 
2,3,4,11,12,13 | 


eau ms Het et 
ree Te] 7 Prof wep rol wwe ro eLeT Pe ft [7 [2sa5ni21[ 1014] 
14 


Setup Time tsetup''1”’ A 1 11.12.13 
1 0 12,13 
11,13 
| 11,12 
: 14 
A 1 | 10 
11 
| 12 
13 
: : 14 
Hold Time thold’1" : . A | 1 10 
1 : 11 
12 
13 
: : 14 
thold’‘0” A or 10 
1 ; 11 
{ 12 
13 


10 
11 
12 


13 


11,12,13 


11,12,13 
12,13 | 
11,13 
11,12 

11,12,13 


11,12,13 
12,13 
11,13 
11,12 

T1,12,13 


11,12,13 
12,13 
11,13 
11,12 

11,12,13 


OQ |] ~<—-—_—_— 00 





SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Vec 
+5.0 Vde 


Coax 







950 +1.0% 





PULSE 
GENERATOR 


PRF = 1.0 MHz double pulsed 
for waveform A 
1.0 MHz for waveform B 
tr = te = 5.0 ns = 
(10% to 90% points) 





Vcc 
+5.0 Vde 


400 


MMD6150 
or Equiv 


MMD 7000 
or Equiv 





A load is connected to 
each output during testing. 


Two pulse generators are required and must be slaved together to provide the 


waveforms shown. 


Cyr = 15 pF = total parasitic capacitance, which includes probe, wiring, and 


load capacitances. 


The coax detays from input to scope and output to scope must be matched. 


The scope must be terminated in 50-ohm impedance. 


The 950-ohm resistor 


and the scope termination impedance constitute a 20:1 attenuator probe. 


Coax shall be CT-070-50 or equivalent. 


SETUP AND HOLD TIMES 


















PROPAGATION DELAY TIMES 


50 50 
ns 
3.0 V 3.0 V 
Ar A# 15V 
Ov Ov 
tsetup’’ 1" a 100 ns ety 
B 1.5V H SV 
ON Ov 
tsetup’’0"’ tPLH2 
3.0 V 3.0 V 
Cc 1.5 V j 15 V 
Ov tPHL1 0 
thoid’’1" tpLH1 iPLH3 
3.0 V - ae 
” K 1.5 V 
: Ov VOL 
hold’‘0”’ tPHL2 
3.0 V VOH 
E L 1.5 V 
OV VoL 
VOH 
F 
= OL 
—~ VOH 
G 
YOU #Pulse A (fj,) used with all tests. 
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APPLICATIONS INFORMATION 


The MC12014 Counter Control Logic incorporates two 
features for enhancing operation of the MC4016/4018 
Programmable Counters.1 Maximum operating fre- 
quency of the counters is limited by the time required for 
re-programming at the end of each count-down cycle. 
Operation can be extended to approximately 25 MHz by 
using the “early decode” feature included in the MC12014. 
The appropriate connections are shown in Figure 2. Only 
three counter stages are shown; however, up to eight 
stages can be satisfactorily cascaded. Note the following 


differences between this and the non-extended method: | 


the counter gate inputs are not connected to the input 
clock; all parallel enables are connected to the Q output 
(fout) of a type D flip-flop formed by gates G2 through 
G7 in the MC12014 package; the bus terminal of the least 
significant stage is grounded; all other bus terminals and 
one internal resistor, R, are connected together and serve 
as a data input, B1, to the flip-flop. Four additional data 
inputs, PO through P3, serve to decode the “two” state 
of the least significant counter stage. Circuit operation is 
illustrated in waveforms of Figure 2, where the timing for 
the end of a count-down cycle is shown in expanded 
form. The counter parallel inputs are assumed to have 
N = 245 programmed. Timing is not shown for the third 
stage since it has already been counted down to the all 
zero state. As the next-to-least significant stage reaches 


zero, the common bus line goes high. Count down of the | 


the programmed data to the outputs. The next input pulse 
clocks O back to the high state since the data inputs to 
the flip-flop are no longer all high. The resulting negative 
output pulse at foyt is one input clock period in duration. 
Note that division by N equal to 001 or 002 is not available 
using this method. | - 
The frequency synthesizer shown in Figure 8 requires 
that the programmabie counters be quickly stopped after 
reaching their terminal (zero) count. This can be simply 
accomplished by taking the master reset of all stages low 
at the appropriate time. The bus output of the counters 


~ could be used for this function since a transition there 


least significant stage continues until the “two” state is | 


reached, causing the remaining data inputs to the flip- 
flop to go high. The next-to-last clock pulse of the cycle 
then triggers the flip-flop Q output low. This takes the 
parallel enables of ail three counter stages low, resetting 


signals the end of a count-down sequence. However, due 
to the relatively long delay between the last positive clock 
transition and the bus transition a faster method is re- 
quired in this application. | " 

The “zero detection” feature of the MC12014 provides 
a convenient means of implementing a faster method. 
Gates G12 through G19 form a latch whose output goes 
high if B2 is high and low logic levels are applied to the 
ZO thru Z3 inputs. When once set to a one by appropriate 
input conditions, the output of G19 remains high until it 
is reset by the circuit comprised of gates G8 through G11. 
Note that since the required information is stored, the 
counter can be allowed to continue cycling. 

The G8-G11 circuit monitors the G7 output of the “early 
decode” type D flip-flop. When the counter stage con- 
nected to the PO thru P3 inputs has counted down to its 
two state the output of G7 goes high; this enables the 
G8-G11 circuitry and the next positive clock transition 
causes the output of G11 to go high, resetting the output 
of G19 to zero. 


FIGURE 1 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION 













Phase 
Detector 
MC4044 










fref 


MC12014 


+N 
Programmable 

Counter 
MC4016 






Low-Pass 
Filter 
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Modulus Enable Line 






Counter Reset Line 









Voltage 
Controlled 
Oscillator 
MC1648 


fout 















Two-Modulus 
Prescaler 
MC12013 















Zero Detect Line 







+A 
Programmable 

Counter 
MC4016 









FIGURE 2 — INCREASING THE OPERATING RANGE OF MC74416/74418 PROGRAMMABLE COUNTERS USING MC12014 



















= 
; Q10Q11Q12 Q13 


IPE R 
©  _™C4016/18 


Q20 021 Q22 Q23 
PE 


Q301Q31 Q32 Q33 
R PE 







Cc MC4016/18 
G 


C —_MC4016/18 









G 
MRDO D1 D2 D3 


G 
MR DO D1 D2 D3 


1° O 1 O o0 O 1 90 o 1 0 90 
L.S.D 4 M.S.D 
5 2 
245 
Le Input | 
Pulses 











*Non-expanded version f 
of bottom waveform. our | | 


1 See the MC54416/54418 data sheet for additional! information. 
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Operation of the Counter Control Logic can be further 
clarified by considering a typical system application for 
programmable counters illustrated in the frequency syn- 
thesizer shown in Figure 3. There the counter provides 
a means of digitally selecting some integral multiple of 
a stable reference frequency. The circuit phase locks the 
output, fyco, of a voltage controlled oscillator to a ref- 
erence frequency, frof-2 Circuit operation is such that 
fyco = Nfref. where N is the divider ratio of the feedback 
counter, permitting frequency selection by means of 
thumbwheel switches. 

in many synthesizer applications the VCO is operated 
at VHF frequencies too high for direct division by TTL 
counters. In these cases the VCO output is usually pres- 
caled by using a suitable fixed divide-by-M ECL circuit as 


shown in Figure 4. For this configuration, fyco = NMfref, 
where N is variable (programmable) and M is fixed. De- 
sign of the optimum loop filter requires that the input 
reference frequency be as high as possible where the 
upper limit is established by the required channel spac- 
ing. Since fyco = Nfref in the non-prescaled case, if N 
is changed by one, the VCO output changes by fref, or 
the synthesizer channel spacing is just equal to fra¢. When 
the prescaler is used as in Figure 4, fyco = NMfref, and 
a change of one in N results in the VCO changing by 
Mf; ef, i.e., if fre¢ is set equal to the minimum permissible 
channel spacing as is desirable, then only every M chan- 
nels in a given band can be selected. One solution is to 
set fref = channel spacing/M but this leads to more strin- 
gent loop filter requirements. 


FIGURE 3 — TTL PHASE-LOCKED LOOP 


+N Programmabie 
Counter Chain 
MC4016/18 





fyco 


1/2 MC4024 


FIGURE 4 — TTL-MECL PHASE-LOCKED LOOP 


fret 


+N Programmable 
Counter Chain 
MC4016/18 





Vcc 


MC1658 


+M Prescaler: 
MC10137 


2 See Motorola Application Notes AN-535, AN-532, and the MC4344/4044 Data Sheet for detailed explanation of over-all circuit operation. 
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MC12014 


An alternate approach that avoids this problem is pro- 
vided by the counter configuration shown in Figure 5. It 
too uses a prescaler ahead of a programmable counter, 
however the modulus of the prescaler is now controlled 
by a third counter, causing it to alternate between M and 
M + 1. Operation is best explained by assuming that all 
three counters have been set for the beginning of a cycle: 
the prescaler for division by (M + 1), the modulus control 
counter for division by Nm, and the programmable 
counter for division by Noe: The prescaler will divide by 
(M + 1) until the modulus contro! counter has counted 
down to zero; at this time, the all zero state is detected 
and causes the prescaler to divide by M until the pro- 
grammable counter has also counted down to zero. When 
this occurs, a cycle is complete and each counter is reset 
to its original modulus in readiness for the next cycle. 

To determine the relationship between fox and fin, let 
T1 be the time required for the modulus control counter 
to reach its terminal count and let Tz be the remainder 
of one cycle. That is, Tz is the time between terminal 
count in the modulus control counter and terminal count 
in the programmable counter. When the modulus control 
counter reaches zero, Nm pulses will have entered it at 
a rate given by fjp/(M + 1) pulses/second or T9 is: 


| Ree 


fin 


At this time, Nmjc pulses have also entered the pro- 
grammable counter and it will reach its terminal counter 
after (N5c — Nmc) more pulses have entered. The rate 
of entry is now fj,/M pulses/second since the prescaler 
is now dividing by M. From this T2 is given by: 


M 
fin 
Since t= . 
T 
1 1 1 
f = SS 3 
ous Ttotal 11 + T2 (M+ T)Nme , MiNpc 7 Ne 
fin fin 
fin 


i Ne 


fin 
MNmect Nmct MNoc— MNmc 


fin 


In terms of the synthesizer application, fyco = (MNoc 
+ Nme) fref and channels can be selected every fref By 
letting Np¢ and Nme take on suitable integer values, in- 
cluding zero. 
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FIGURE 5 — FEEDBACK COUNTERS WITH DUAL 
MODULUS PRESCALER 
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vco Programmable 


Counter 


| =Noc | tout 


To Phase Detector 
for comparison with fre¢. 


A simplified example of this technique is shown in Fig- 
ure 6. The MC12013 Dual Modulus Prescaler divides by 
either 10 or 11 when connected as shown in Figure 6. If 
the E3 and E4 Enable inputs are high at the start of a 
prescaler cycle, division by 10 results; ifthe Enable inputs 
are low at the beginning of the cycle, division by 11 re- 
sults. The zero detection circuitry of the MC12014 Counter 
Control Logic is connected to monitor the outputs of the 
modulus control counter; this provides a suitable enable 
signal at EO as the modulus control counter reaches its 
terminal (zero) count. The remainder of the MC12014 is 
connected to extend the operating frequency of the pro- 
grammable counter chain. Appropriate waveforms for 
division by 43 are shown in Figure 7a. 

The beginning of the timing diagram indicates circuit 
status just prior to the end of a countdown cycle, i.e., the 
modulus control counter has been counted down to one 
and the programmable counter is in the two state. The 
next positive transition from the prescaler (f1 in the tim- 
ing diagram) then initiates the following sequence of 
events. Since the two state of the programmable counter 
enables the early decode circuitry in the MC12014, the 
positive f1 transition causes fo,,¢ to go low. Since fout is 
connected to the Parallel Enables of all the MC4016 
counters this low signal will re-program the counters in 
readiness for another cycle. However, due to the prop- 
agation time through the decode circuitry, the pro- 
grammable and modulus control counters are briefly dec- 
remented to one and zero, respectively, before re- 
programming occurs. The momentary zero state of the 
modulus control counter is detected, setting Eg of the 
MC12014 high, enabling the MC12013 for division by ten 
during its next cycle. After eleven more fj, pulses (EQ | 
went high after the beginning of the prescaler cycle and 
so doesn’t change the modulus until the next prescaler 
cycle), f1 again goes high, causing foyt to return to the 
one state. This releases the Parallel Enables and simul- 
taneously resets Eo to zero. However, since Eg was high 
when the current prescaler cycle began, the next positive 
f1 transition occurs only ten fj, pulses later. Subsequent 
f1 transitions now decrement the MC4016 counters down 
through another cycle with the prescaler dividing by 
eleven. From the waveforms, 11 + 10 + 11 + 11 = 43 
input pulses occur for each output pulse. 











FIGURE 6 — FREQUENCY DIVISION: fo = fin/(MNpc + Nme) 
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Division by 42 is shown in Figure 7b. Operation is sim- 
ilar except that the modulus control counter reaches its 
terminal count one f1 cycle earlier than before. Since Eg 
is reset by the trailing edge of the foys pulse, Eg now 
remains high for two prescaler cycles leading to 10 + 10 
+ 11 + 11 = 42 input pulses for each output pulse. 

Other combinations lead to similar results, however 
note that Nyc must be greater than or equal to Nm¢ for 
operation as described. If Nrnc is greater than Nog er- 
roneous results are obtained, however this is not a se- 
rious restriction since Npc is greater than Nme in most 
practical applications. 

The synthesizer shown in Figure 8 generates frequen- 
cies in the range from 144 to 178 MHz with 30 kHz channel 
spacing. It uses the dual modulus prescaler approach 
_ discussed earlier. General synthesizer design consider- 

ations are detailed in the publications listed in footnote 
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Programmable Counter: =No¢ 


2, hence only the feedback counter is discussed here. 
Requirements for the feedback divider are determined 
from: 


Minimum Divider Ratio=NTpijn = ie = 4800 
Maximum Divider Ratio=NTmax = —_— = 5933 


If the prescaler divides by at least ten, the maximum 
input frequency to the TTL counters will be 17.799 MHz, 
allowing use of MC4016 Programmable Counters with 
the MC12014 frequency extension feature. 


FIGURE 7a — DIVISION BY 43 








fout = as 43 Input a ener | 


QpcoO | l | 
Qpc1 | | | | 
Qpc2 | | | | 


QmcoO I saat ee ate 5a ! L 
Qmec1 | | 


FIGURE 7b — DIVISION BY 42 
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FIGURE 8 — 144 TO 178 MHz FREQUENCY SYNTHESIZER 
WITH 30 kHz CHANNEL SPACING 
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FIGURE 9 — Nyp¢ PROM PROGRAMMING 
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The required divider range, 4800 to 5933, is obtained hee pope 
in the following manner: the MC12013 Dual Modulus Paes Or A Os 4. nee Ot ac 
Prescaler is connected in the divide by 10/11 mode; the HB tO tt 8 8 
modulus control counter uses two MC4016 stages with ae oa 
: apa 36 REeRBReee ee ee 
Nmc ranging from 00 to 99, establishing the two least ae 1 6. [tt Ok | Od EO. a 
significant digits of N7. The remaining two digits of NT se ON ae oe fa ho) a of a] 
are obtained from a three stage programmable counter Ba oe Fat 
generating Noe: The least significant stage of the Noc rat | o}1if[ofsfofs1f]3sfo | 
counter is fixed programmed to zero. The required pro- Pp 42 [- | -|-f-]-{;-]-] - | 
gramming for all remaining stages is derived from four ef a 
channel selector BCD thumbwheel switches. The rela- ee ee ee a ee a | ee 
tionship between Nt and the counters is given by Ny fc SAGt | Gee fen dee eee, fee dat 
= Ming Nn xa cypel teeny ana Fete 
ee te ee ee Leepe: ete Pree as fo f+ fots1 tots [11 
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A general problem associated with synthesizer design OE Oe etl Oe ae | a a a 
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shown here using read only memories offers a straight- res [-[-]-[-|]-[-|[-][- | 





forward design method. While field programmable read 
only memories (PROMs) are shown, they would nor- 
mally be used only during development; suitable fixed 
ROMs are more economical in production quantities. The 
design procedure for the code conversion is illustrated 
in Figure 9. The required programming for the two most 
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FIGURE 10 — Nmc PROM #1 PROGRAMMING 













































































































arly aon ait 
#3 | 44 WORD woro [7 ]e[s|[«[s]?. 
(144) oo |0000|[0000 o [000 0/0 0 0 o[ oo jo fe} of ete} oe 
03 |0000/001 1% 3 }0 0 0 0/0 OO 1; Or} Toa Ea cee Se Sa 
CSS IR ae ee a a DO 
.09 000 0; 100 1 9 000 0;0 0 1 147 O83 
eee ea calidon, eal ae. (eta ete ee. ere Cen) Seems 2 Oat Oe 2021 0) 0) 0 
Se... Nexo Ota eee. at eee iL spa al BhcdnOh- Gos aso" a Poesy “LaeeMieest) 205 20r tee or eae I oc 
24 0010|000%1] 33 [0 0 0 ojo 1171/ 07/ | «6 [| of of of o fof o | 
.30 oo 1 1 0 00 0 48 00 0%14;0 00 0 
BS Beiiissed, 8 [ess esss a) pepe re pepe 
Bow Uecerr cee cee al! eo dee ae ga Mente open ihaaell le sedie a levees) te ee te ee eee 
.39 00114;] 1 00 1 57 0001/0 0 1 147) 13 
42. |0100/0010/] 2 [0001/01 00; wa] {| 2 |-[-[-]-  ][-]- 1 
0100|/0101 5 |0 001/010 1| 15 | 13 [| - [| — | | = | 
0100/1 000 8. |0 00 1/0 1 1 0} 16 a eee ae a 
SA EX i Ey SI i GOP a a) 
o10%1; 0 1 0 0 20 0001/1 0 0 OF 18 fet ef tt 
010%; 0 4 1 ~=1 23 000 1;1 0 0 14 #19 
0110|/0000| 32 |o 01 0/0000] 2] | ™wilto}otjota 
o110]0 011] 3 foo 10/0001] 21 A ee 
Oa A O40 4 a Ol) 68. Oo Ot 00 oO: 4.0) bo 8 ee Oa Pa oh on! 
011 1/0 0 1 0} 49° }0 0 1 0/0 1 0 0} 24 2 ee 
o17 14/01 0 4147): 53 001 0/0 1 0 17 25 
ies sal 8 ssi ssi te| Pater ere 
Te one eh, ge | Netew a] to fee ON cea. Oa tale os, 
100 0 0 1 0 0 4 0 0 1 0}1 0 0 Of} 28 
100o0]0%11 1 7 0 0 1 0/1 0 0 1] 29 Pe eee | a i a 0 1 
17007]/0000|] 1% |001 1/0000 el ee ee en ee ee 
100 1}00 7 1} 19 |0 01 1/0 0 0 1 i ae Bae ea ee ee 
10014; 0 1 #1 «0 22 o0O014 11,0 0 1 0 ee 
esiltsst] 8 gsiiesr se) Pee er 
PR a We ae a el ee ee 
| oe es ee ee ie ee ee 
Use with frequency ranges: po 82 3) 01 Ok | Oe OF Or 8. Os) 
rs ee eeenee ee eves 
144.00 — 144.99 162.00 — 162.99 = 
147,00 — 147.99 165.00 — 165.99 ee ee ee ee aa ae 
150.00 150.99 168.00 — 168.99 [ae [ofolojfoj{1]o,o]|o| 
153.00 — 153.99 171.00 — 171.99 “i 
eee ches on eee Ey Ai aes cae a A el 
159.00 — 159.99 177.00 — 177.99 98 [200 Ot 0: a0 0s Sa eo 
significant digits of Nyc is shown versus the code pro- ee ee ee ee ee ee ee 
vided by switches #1 and #2 of the channel selector. If . er Oi Oe He a ee 
the four outputs of switch #2 and the two least signif- ee es ae ee ee 
icant outputs of switch #1 are regarded as address bits | 44 of - [dL Th TL ~WULd Td - hd TL -Uhd TL -hdT Lh - hE KF 
An trough a6 ove 04 x8 TH PROM, ememoy | SEES 
location can be associated with each switch setting. The Ha ee SS 
required Nog programming for each switch setting is ofl ota, ac 
then set into the appropriate memory location by the |. 49 fototatofotiato]o| 
user. In Figure 9, the required programming has been — #2 bf a 
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generating the remaining Nmyc numbers. Appropriate 
truth tables along with the ranges they can be used with 
are shown in Figures 11 and 12. 
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FIGURE 12 — Nmc PROM #3 TRUTH TABLE 


FIGURE 11 — Nme PROM #2 TRUTH TABLE 
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— 7 _ MC12015 
(AA) MOTOROLA | ~ MC12016 
| | | | MC12017 


| MECL PLL COMPONENTS 

LOW-POWER TWO-MODULUS PRESCALER 
LOW-POWER 

TWO—MODULUS 
PRESCALER 


The MC12015, MC12016 and MC12017 are two-modulus pre- 
scalers which will divide by 32 and 33, 40 and 41, and 64 and 65 
respectively. An internal regulator is provided to allow these 
devices to be used over a wide range of power-supply voltages. 
The devices may be operated by applying a supply voltage of 5.0 
Vdc + 10% at pin 7 or by applying an unregulated voltage source 
from 5.5 Vdc to 9.5 Vdc to pin 8. 


@ 225 MHz Toggle Frequency 

@ Low-Power — 7.5 mA Max at 6.8 V 

@ Control Input and Output are Compatible with Standard CMOS 
® Connecting Pins 2 and 3 Allows Driving One TTL Load 

@ Supply Voltage 4.5 V to 9.5 V 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 


PLASTIC SOIC PACKAGE &. 


CASE 751 





MAXIMUM RATINGS _ 


| cae (ee awn on 


ELECTRICAL CHARACTERISTICS (Vcc = 5.5 to 9.5, Vreg = 4.5 to 5.5 V 
Ta = -40°C to +85°C) 


Signal 0.001 uF 
Characteristic Symbol Input oH 2 Active 
O 
Toggle Frequency 4 Signal : Pullup 
(Sine wave input) fmin Gnd 
Supply Current 
Control Input High © 
(+32,40 or 64) _ 
Control Input Low. 
(+33, 41 or 65) 
Output Voltage High* 
(lsource = 50 #A) 
Output Voltage Low* 
(lsink = 2 MA) 






PRESCALER BLOCK DIAGRAM 


Control 









O Output 


2.5 


ee 
ra 
Fe 
x 


Icc 
VOH 
VOL 






Voltage 
Input Voltage Sensitivity Regulator 
35 MHz 


50-225 MHz 


PLL Response Time 
(Notes 1 and 2) 


Vin 


Notes: 
1. tp__ =the period of time the PLL has from the prescaler rising output transition (50%) 


: 1. Mre in 7 is not guaranteed to be between 
to the modulus control input edge transition (50%) to ensure proper modulus selection. \ f 9@p 9 


4.5 and 5.5 V when Vcc is being applied to pin 8. 
2. tout = period of output waveform. 2. Pin 7 is not to be used as a source of regulated 
output voitage. 





*Pin 2 connected to Pin 3 
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(AA) MOTOROLA 


' +128/129 520 MHz 

__ LOW-POWER TWO-MODULUS PRESCALER 
The MC12018 is a two-modulus prescaler which divides by 128 
and 129. An internal regulator is provided to allow this device to 
be used over a wide range of power-supply voltages. The devices 
may be operated by applying a supply voltage of 5.0 Vdc +10% 
at pin 7 or by applying an unregulated voltage source from 5.5 


Vdc to 9.5 Vdc to pin 8. 


@ 520 MHz Toggle Frequency 


@ Low-Power — 8.0 mA Typical 


® Control Input ls Compatible with Standard CMOS and TTL 


@ Supply Voltage 4.5 V to 9.5 V 


MAXIMUM RATINGS 








Regulated Voltage, Pin 7 


Power Supply Voltage, Pin 8 
Operating Temperature Range -40 to +85 
Storage Temperature Range -65 to +175 





Characteristic | Symbol _| 











[so [ve | 
[100 [vee | 





_ ELECTRICAL CHARACTERISTICS (Vcc = 5.5 to 9.5, Vreg = 4.5 to 5.5 V 
Ta = —40°C to +85°C) 









Toggle Frequency 
(Sine Wave Input) 
Supply Current (Pin 8) 
Control Input High 
(+ 128) ; 
Control Input Low 
(+ 129) 
Differential Output Voltage 
(Isink = 200 “A) 
PLL Response Time 
(Notes 1 and 2) 
Input Voltage Sensitivity 


75 MHz 
125-520 MHz 


Notes: 








Symbol 


fmax 
fmin 
Icc 
VIH 


Vy:zb 
Vout 


tPLL 


S 
5 


SF 


NO 
(=) 


NA 
oo 
oo 





1. tpt. = the period of time the PLL has from the prescaler rising output transition (50%) to 
the modulus control input edge transition (50%) to ensure proper modulus selection. 


2. tout = period of output waveform 
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MC12018 


MECL PLL COMPONENTS 


+128/129 
LOW-POWER 
TWO-MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
PLASTIC SOIC PACKAGE 
CASE 751 


S 


PRESCALER BLOCK DIAGRAM 


Control 


Voltage 
Regulator 


0.1 uF 


1. Vreg @ pin 7 is not guaranteed to be between 
4.5 and 5.5 V when Vcc is being applied to pin 8. 

2. Pin 7 is not to be used as a source of regulated 
output voltage. 











(AA) MOTOROLA 


MECL PLL COMPONENTS 


LOW-POWER 
TWO—MODULUS 
PRESCALER 


LOW-POWER TWO-MODULUS PRESCALER 


The MC12019 isa divide by 20 and 21 two-modulus prescaler. It 
will divide by 20 when the modulus control eet is high and aR 21 
when the modulus control input is low. 


+20/21 


@ 225 MHz Toggle Frequency 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


@ Low-Power-—7.5 mA Max at5.5V 


@ Control Input Compatible with Standard Motorola CMOS 
_ Synthesizers 


@ Emitter Follower Outputs 


D SUFFIX PS 
PLASTIC SOIC PACKAGE Sgr 


CASE 751 













MAXIMUM RATINGS 











Characteristic 


Operating Temperature Range -40 to +85 cae 
Storage Apis ables Range -65 to +175 he est 





PRESCALER BLOCK DIAGRAM 


Control 
Input 





Supply Current Pee [= 
Control Input High 
(+20) 
| Control Input Low 
(+20) 


Output Voltage Swing 


Input Voltage Sensitivity 
35 MHz 
50-225 MHz 











PLL Response Time 
(Notes 1 and 2) 





Notes: 
1. tp__ =the time the PLL has from the prescaler rising output transition (560%) to the modulus 
control input edge transition (50%) to ensure proper modulus Seiseron: 


2. tout = period of output waveform. 
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(AA) MOTOROLA 





Advance Information 


1.1 GHz LOW-POWER TWO-MODULUS PRESCALER 


The MC12022A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's 
MC145xxx series in a PLL to provide tuning signals up to 1.1 GHz 
in programmable frequency steps. 

The MC12022B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu’s 
MB87001. . 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/ 
129 divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number 
after SW has been biased to select the desired divide ratio. 

@ 1.1 GHz Toggle Frequency . 


@ The MC12022B is Pin and Functionally Compatible with 
Fujitsu Device MB501L 


The MC12022 has Lower Power Supply Current than the MB501L 
@ 10 mA Maximum, — 40°C to +85°C, Vcc = 4.5-5.5 Vde 
versus 14 mA Maximum, 25°C, Vcc = 5.0 Vde 


@ Shorter Setup Time (tsET) than the MB501L 
@ 16 nsec versus 26 nsec Maximum 


Supply Voltage 5.0 Vdc + 10% 
Low-Power 7.5 mA Typical 


Modulus Control Input Level is Compatible with Standard 
CMOS and TTL. Maximum Input Voltage should be Limited 
to 5.5 Vdc. 





MAXIMUM RATINGS 


[Characteristic | Symbol [Range [nat 















Storage Temperature Range = 65 to + 150 
Modulus Control Input, Pin 6 —0.5 to +6.5 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V + 10%, Ta = —40°C to +85°C) 


ft 
ICC 








1 GHz 


Toggle Frequency 
(Sine Wave Input) 


Modulus Control Input High (MC) Vinw | 2.0 | 
Modulus Control Input Low (MC) VILI 


sees 
| 

E 

Pane aay 

| 

1 16 

2.0 


Supply Current Output Unloaded (Pin 2) ae ee ee | mA | 
Minn | 20 | — as 

Er a 

v | Vide 


mA 
V 
V 
dc 
p-p 
A 










V 
Divide Ratio Control Input Low (SW) | ViL2__ | OPEN OPEN | — | 
Output Voltage Swing 


hea 
V 
ost Gl ic 
(CL = 12 pF, RL = 2.2 kQ) 
| 16 | ns | 


Modulus Setup Time MC to Out | tgeer | — | ot 
Vin 200 2000 | mVpp 
400 2000 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 


Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 


Output Current 
CL = 12 pF, RL = 2.2 kO 
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| sw | om 


Note: SW: H = Vcc, L = open 


MC12022A 
MC12022B 


MECL PLL COMPONENTS 


+ 64/ = 65, 

+ 128/ + 129 
LOW-POWER 
TWO-MODULUS 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


3 &. 
~ D SUFFIX 
PLASTIC SOIC PACKAGE 


CASE 751 


PRESCALER 
PIN ASSIGNMENT 


(Top View) 
Pin assignment is for Dual-in-line Package. 
For PLCC pin assignment, see tables on page 1-31. 
Note 1: 
For positive edge triggered synthesizers, 
order the MC12022A. 


For negative edge triggered synthesizers, 
order the MC12022B. 
















MC: H = 2.0 V to Vcc 
L = Gnd to 0.8V 





MC12022A e MC12022B 


LOGIC DIAGRAM 


MC Setup 





——p-}| |<ag-— MC Release 


Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 
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(AA) MOTOROLA 


MECL PLL COMPONENTS 


LOW-POWER 
PRESCALER 
+ 64 


+ 64, 225 MHz, LOW-POWER PRESCALER 


The MC12023 is a new member of Motorola’s PLL family. The 
MC12023 is a prescaler which will divide by 64. This device may 
be operated over a wide range of supply voltages (3.2 to 5.5 V). 
Because of this range of supply voltages the MC12023 is very 
suitable for hand-held, battery-operated devices. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


@® 225 MHz Toggle Frequency 

@ Low Power—4.8 mA Maximum at 5.5 V 

® Operating Supply Voltage — 3.2 V to 5.5 V 

@ Connecting Pins 2 and 3 Allows Driving One TTL Load 


D SUFFIX S&S. 
PLASTIC SOIC PACKAGE Qe 


CASE 751 





PRESCALER BLOCK DIAGRAM 
MAXIMUM RATINGS 


cee SS TT 
[conniaTereretsfines | ta | 070 













Toggle Frequency 
(Sine wave input) 


Output Voltage High* 
(lsqurce = 50 vA, Vcc = 3.2 V) 


Output Voltage High* 

(source = 50 uA, Vcc = 5.0 V) 
Output Voltage Low* 

(Isink = = 2,0 mA) 


Input Voltage Sensitivity 


35 MHz 
50-225 MHz 


AC Input Resistance 
Input Capacitance 


*Pin 2 connected to Pin 3 TBA — To Be Announced. 
**Vcc = 4.5V 
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(AA) MOTOROLA | MC12025 © 


| Product Preview 


MECL PLL COMPONENTS 


= 64/65 520 MHz LOW-POWER a eawen 
TWO-MODULUS PRESCALER TWO-MODULUS 
The MC12025 is a two-modulus prescaler which divides by 64 EES ALES 
and 65. Supply voltages of 4.75 V to 5.25 V may be connected to 
Pin 8. | 





@ 520 MHz Toggle Frequency 
Low-Power 9.5 mA Typical 
Control Input Is Compatible with Standard CMOS and TTL PIN ASSIGNMENTS 
Supply Voltage 5.0V, + 0.25 V | 
Propagation Delay 30 ns Typical 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


~ MAXIMUM RATINGS 


Characteristic Symbol 
Power Supply Voltage, Pin 8 V 


CC 
Operating Temperature Range TA  .| ~40 to +85 
Storage Temperature Range Tstq -65 to +175 


Characteristic Symbol | = Max | 
Toggle Frequency fmax 
(Sine Wave Input) 
Supply Current (Pin 8) | : 
| 


Control Input High ViH 2.0 
(+64) 


















Modulus 
Control 


Input 


Control Input Low VIL — 
(+65) 
Output Voltage 1.2 
Input Voltage Sensitivity Vin | g00 
PLL Response Time tPLL 
(Notes 1 and 2) 








11.5 
i 800 
tout ~ 42 
Note 1: tpL_ = The period of time the PLL has from the rising output transition to the Modulus 


Control input edge transition to ensure proper modulus selection. 
Note 2: toyt = Period of output waveform. 


MECL is a trademark of Motorola Inc. 


This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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(AA) MOTOROLA MC12040 


PHASE-FREQUENCY 
DETECTOR 


PHASE-FREQUENCY 
DETECTOR 


The MC%12040 is a phase-frequency detector intended for use 
in systems requiring zero phase and frequency difference at lock. 
In combination with a voltage controlled oscillator (such as the 
MC1648), it is useful in a broad range of phase-locked loop ap- 
plications. Operation of this device is identical to that of Phase 
Detector #1 of the MC4044. A discussion of the theory of operation 
and applications information is given on the MC4344/4044 data 


sheet. P SUFFIX 


PLASTIC PACKAGE 


: : CASE 646 
Operating Frequency = 80 MHz typical 


LOGIC DIAGRAM 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


O04 U (fr>fy) 
© 3 U (fR>fy) 


PIN ASSIGNMENT 


© 12 D (fy>fp) 
© 11 D (fy>fR) 


Vcec1=Pin 1 
Vcc2=Pin 14 
VEE =Pin7 


TRUTH TABLE 


This is not strictly a functional 
truth table; i.e., it does not cover all 
possible modes of operation. How- 
ever it gives a sufficient number of 
tests to ensure that the device will 
function properly in all modes of 
operation. 


—_ —_ 


NC — No Connection 


— 


X = Don’t Care 
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MC12040 


ELECTRICAL CHARACTERISTICS 


The MC12040 has been designed to meet the dc specifications shown in the 
test table after thermal equilibrium has been established. Outputs are ter- 
minated through a 50 ohm resistor to +3.0 V for +5.0 V tests and through 
a 50 ohm resistor to — 2.0 V for —5.2 V tests. 








TEST VOLTAGE VALUES 


(Volts) 
ViH_ max VIHA min} VitAmax| VEE 
(Vec) 
Gnd 












Temperature 
0° 







MC 12040 


ae eee ae ae 
Unit 


ee 
350 ywAdc 
350 uAdc 


TLL | TEL ee 
-1.850 { -1 i" -1.830 | -1.595 Vde 


TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 





Vv 


Vina min 


m 
m 


VILA max 















Logic ‘1° 
nie Voltage 





Logic ‘’0"’ 
Output Voltage 








Logic “1” 
Threshold Voltage 








Logic ‘’0” 
Threshold Voltage 










TEST VOLTAGE VALUES 
(Volts) 

















@ Test 
0% 













MC 12040 
TEST VOLTAGE APPLIED TO PINS LISTED BELOW: 


1 
2 
Vor) 3 3.190 3 i" 3. [ 3 [ 3. [ 3 i i lz | 
4 
11 : 
12 
| inkl | bt | eee aid | 
$ | 3. i 3 iy i" 6 
9 
. : i 
9 


Characteristic 


Power Supply Drain Current 


Logic 1" 
Output Voltage 















Logic ‘’0" 
Output Voltage 








Logic 1" 
Threshold Voltage 


<= $3 





Logic “0” 
Threshold Voltage 






nORDoO 
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MC12040 


AC TESTS 


To Scope Channel A 










Pulse 
1 

PRF = 5.0 mHz Gen 
Duty Cycle = 50% To Scope Channel B - 
t+ =t- =1.5ns + 0.2 ns 

Pulse 

Gen 2 

VEE = —-3.2 0r -3.0 V 

NOTES: scam es 


1. All input and output cables to the scope are 
equal lengths of 50 2 coaxial cable. +0.3 V 


2. Unused input and outputs are connected to a ae 


50 © resistor to ground. 


3. The device under test must be preconditioned +0.3V— 


before performing the ac tests. Preconditioning 
may be accomplished by applying pulse Output 
generator 1 for a minimum of two pulses prior 
to pulse generator 2. The device must be 

preconditioned again when inputs to pins 6 ttt+- 
and 9 are interchanged. The same technique Output 

applies. Waveform B 


TEST VOLTAGES/WAVEFORMS 
MC12040 APPLIED TO PINS LISTED BELOW: 


o°c | +25°C | + 75°C 


VEE 
Output -3.00r; Vcc 
Characteristic Waveform : -3.2V] +2.0V 


2 
Propagation Delay 4.6 


Waveform A 











Output Rise Time 


Output Fall Time 





PrUMWPrirwaoawriwnrrwoworrn 


ADD DIANMDOAODSOMDOA A OM © 


ef 
| 
“ee 
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MC12040 


APPLICATIONS INFORMATION 


The MC12040 is a logic network designed for use as 
a phase comparator for MECL-compatible input signals. 
It determines the “lead” or “lag” phase relationship and 
the time difference between the leading edges of the 
waveforms. Since these edges occur only once per cycle, 
the detector has a range of +27 radians. 

Operation of the device may be illustrated by assuming 
two waveforms, R and V (Figure 1), of the same frequency 
but differing in phase. If the logic had established by past 
history that R was leading V, the U output of the detector 
(pin 4) would produce a positive pulse width equal to the 
phase difference and the D output (pin 11) would simply 
remain low. ; 

On the other hand, it is also possible that V was leading 
R (Figure 1), giving rise to a positive pulse on the D output 
and a constant low level on the U output pin. Both outputs 
for the sample condition are valid since the determination 
of lead or lag is dependent on past edge crossing and 
initial conditions at start-up. A stable phase-locked loop 
will result from either condition. 

Phase error information is contained in the output duty 
cycle — that is, the ratio of the output pulse width to total 
period. By integrating or low-pass filtering the outputs 
of the detector and shifting the level to accommodate 
ECL swings, usable analog information for the voltage- 
controlled oscillator can be developed. A circuit useful 
for this function is shown in Figure 2. 

Proper level shifting is accomplished by differentially 


FIGURE 1 — TIMING DIAGRAM 


aes Lead 


R Leads V 
(D Output = ‘‘0’') 
V Leads R 
(U Output = Bee ree | | | | 







driving the operational amplifier from the normally high 
outputs of the phase detector (U and D). Using this tech- 
nique the quiescent differential voltage to the operational 
amplifier is zero (assuming matched “1” levels from the 
phase detector). The U and D outputs are then used to 
pass along phase information to the operational ampli- 
fier. Phase error summing is accomplished through re- 
sistors R1 connected to the inputs of the operational am- 
plifier. Some R-C filtering imbedded within the input 
network (Figure 2) may be very beneficial since the very 
narrow correctional pulses of the MC12040 would not 
normally be integrated by the amplifier. General design 
guides for calculating R1, R2, and C are included in the 
MC4044 data sheet. Phase detector gain for this config- 
uration is approximately 0.16 volts/radian. 

System phase error stems from input offset voltage in 
the operational amplifier, mismatching of nominally 
equal resistors, and mismatching of phase detector 
“high” states between the outputs used for threshold 
setting and phase measuring. All these effects are re- 
flected in the gain constant. For example, a 16 mV offset 
voltage in the amplifier would cause an error of 0.016/ 
0.16 = 0.1 radian or 5.7 degrees of error. Phase error can 
be trimmed to zero initially by trimming either input offset 
or one of the threshold resistors (R1 in Figure 2). Phase 
error over temperature depends on how much the of- 
fending parameters drift. | 


FIGURE 2 — TYPICAL FILTER AND SUMMING. NETWORK 
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(AA) MOTOROLA 


CRYSTAL OSCILLATOR 


The MC12060 and MC12061 are for use with an external crystal 
to form a crystal controlled oscillator. In addition to the funda- 
mental series mode crystal, two bypass capacitors are required 
(plus usual power supply pin bypass capacitors). Translators are 
provided internally for MECL and TTL outputs. 


@ Frequency Range = 100 kHz to 2.0 MHz for MC12060 

2.0 MHz to 20 MHz for MC12061 
@ Temperature Range = 0°C to + 70°C for MC12060/061 
@ Single Supply Operation: +5.0 Vde or —5.2 Vdc 


e@ Three Outputs Available: 
1. Complementary Sine Wave (600 mVp-p typ) 
2. Complementary MECL 
3. Single Ended TTL 


FIGURE 1—BLOCK DIAGRAM 


Bias Vv AGC 
Bypass ‘CC Filter Sine Wave 
0.1 wF 0.1 4F Output 


——s + 





MC12060 
MC12061 


CRYSTAL OSCILLATOR 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


'" P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


MC12060/MC12061 ONLY 


MECL 
Output 


- + = Fanaa 
70 O1Vec 40 30 20140150 160Vcc 913912 119 Vcc 


Voltage Crystal 
Reg. Osc. 


Note: 0.1 wF power supply 6 © 
pin bypass capacitors 


not shown. Crystal 


TYPICAL CIRCUIT CONFIGURATIONS Note: 0.1 uF power supply pin bypass capacitors not shown. 
FIGURE 2 — FIGURE 4 — MECL OUTPUT FIGURE 5 — MECL OUTPUT 


SINE WAVE OUTPUT 
. + 5.0V 


CRYSTAL 
REQUIREMENTS Characteristic 








(+5.0 V Supply) 


(—5.2 V Supply) 





Mciz060 ——s«|_~—S—sxMC12061 





Start-up stabilization Mode of Operation . 


Fundamental Series Resonance 





time is a function of 


100 kHz — 2.0 MHz __ 





crystal series resist- 


Series Resistance, R1 
ance. The lower the oe deat el 


2.0 MHz ==20 MHz 
Minimum at Fundamental 








resistance, the faster Maximum Effective Resistance RE(max 





Frequency Range : 
he 


4k ohms 


155 ohms 





the circuit stabilizes. 
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08-9 








AGC 
Filter Sine Wave 
0.1 uF Output 

potas 









TEST VOLTAGE/CURRENT VALUES 


zi Temperture ViLamax 
er ee I. ve [aie [ara | aos set_[ 40 | 47 50 [52 
ELECTRICAL CHARACTERISTICS +75°C | 3.96 | 3.55 Fao | 475 | 4.75 | 


Test Limits 


Pin 
Under __ +25°C aan eves Cc 






Voltage 











TEST emaa aes eae TO PINS LISTED BELOW 


aia eri aii p= [Pe Pos Tw mAdc iron ets eee pee Eee 


_ Drain Current 18 
MC12060 11 11, “ 
MC12061 16 13 16 
Input Current INH i. 250 PS ee 14 
250 PS ee 15 
WNL be 1.0 pAdc 15 
1.0 pAdc 14 
Differential Offset 4to7 40 325 mVdc 
Voltage MC12061 2 ee al — 200 +200 
Output Voltage Level} Vout Vde 
Vdc 
Logic ‘1’’ Output VOH1* 12 4.0 | 4.16 | 4.04 4.19 | 4.1 4.28 | Vdc 14 15 
Voltage a a =. ere = al 4.28 | Vdc 15 14 
| Vou2 | 10_| ee ee ee hee 
Logic ‘0’ Output VOL1* 12 2h 98 — 43 Es 0 = 44 2h. 02 | 3.47 | Vdc 15 14 16 12 
Voltage 13 2.98 | 3.43 | 3.0 3.44 | 3.02 | 3.47 | Vdc 14 15 16 13 
VoL2 Y Vde 15 Te 
Vde 15 11,16 
Logic “1” Threshold | VQHA 12 3.98 4.02 4.08 Vde 14 15 16 12 . 
Voltage 13 | 3.98 4.02 4.08 Vde 15 14 16 13 - 


= 
= 


—_ — > 
fo 
al-=, -[33 
20 © 
lls 
(oe 





_| Logic “0” Threshold | VOLA - 3.45 3.46 3.49 | Vdc 15 14 16 
| Voltage 3.45 3.46 3.49 Vde 14 15 16 . 


Output Short-Circuit 10 20 20 20 mAdc 11,16 8,9, 
Current 10 


*Devices will meet standard MECL logic levels using Veg = —5.2 Vdc and Vcc = 0. 





LSOCLOW © O90ZLOIN 


MC12060 e MC12061 


FIGURE 6 — AC CHARACTERISTICS — MECL AND TTL OUTPUTS 


Vcc = +2.0 Vde 










Input (Pin 15) 


TTL Output 
(Pin 10) 


Pulse Generator 
(EH 137 or Equiv) 
PREF = 2.0 MHz 
tt=t-= 2.0 +0.2 ns 


MECL Output ia 


(Pin 13) 


MECL Output 
(Pin 12) 


MMD6150 
or Equiv 





All input and output cables to the scope Cy = 15 pF = total parasitic capacitance 
are equal lengths of 50 2 coaxial cable. which includes probe, wiring, and load 
capacitance. 


MMD7000 
or Equiv 


Unused outputs are connected to a 50 22 
+1% resistor to ground. 


~3.0 Vde 
TEST VOLTAGES/WAVEFORMS 
Test Limits APPLIED TO PINS LISTED BELOW: 
[oc | sac 
+2.0 Vde | —3.0 Vdc 


15 10 11,16 14 
10 
12 
12 
13 
13 
14 
14 
14 
14 









Characteristic 























Propagation Delay | t154+10+ 


45—10- 
145+4+12- 
15-12+ 
1154+13+ 
t15-13- 


15 12 11,16 8,9 
15 13 11,16 8,9 
15 12 11,16 8,9 
15 13 11,16 8,9 
TEST VOLTAGE APPLIED 
TO PINS LISTED BELOW 


+2.0 Vde —3.0 Vdc 











Characteristic 





Sine Wave Amplitude 
MC12060 





MC12061 





FIGURE 7 — AC TEST CIRCUIT — SINE WAVE OUTPUT 


All output cables to the scope are equal lengths of 50 2 coaxial Voc = +2.0 Vde 0.1 WF 
cable. All unused cables must be terminated with a 500 +1% 
resistor to ground. 





450 (1 resistor and the scope termination impedance constitute 0.1 UF 
a 10:1 attenuator probe. 
Crystal — Reeves Hoffman Series Mode, 

Series Resistance Minimum at Fundamental 


MC12060 MC12061 
= 500 kHz f = 10 MHz 
Re = 1kQ Re = 50 


*Rsg MC12060 = 3 ki? 
MC12061 = 15 kQ is inserted only for test purposes. When 
used with the above specified crystal, it guarantees oscil- 
lation with any crystal which has an equivalent series 
resistance 
< 155 © for MC12061 and < 4 kf for MC12060 


Rp: will improve start up problems value: 200-500 Crystal | 


VEE = ~3.0 Vde 
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OPERATING CHARACTERISTICS 


The MC12061 and MC12060 consist of three basic 
sections: an oscillator with AGC and two translators 
(Figure 1). Buffered complementary sine wave outputs 
are available from the oscillator section. The translators 
convert these sine wave outputs to levels compatible 
with MECL and/or TTL. 

Series mode crystals should be used with the oscil- 
lator. If it is necessary or desirable to adjust the crystal 
frequency, a reactive element can be inserted in series 
with the crystal — an inductor to lower the frequency 
or a capacitor to raise it. When such an adjustment is 
necessary, it is recommended that the crystal be spec- 
ified slightly lower in frequency and a series trimmer 
capacitor be added to bring the oscillator back on fre- 
quency. As the oscillator frequency is changed from the 
natural resonance of the crystal, more and more depen- 
dence is placed on the external reactance, and temper- 
ature drift of the trimming components then affects 
overall oscillator performance. 

The MC12061 and MC12060 are designed to operate 
from a single supply — either +5.0 Vdc or —5.2 Vdc. 
Although each translator has separate Vcc and VegF 
supply pins, the circuit is NOT designed to operate from 
both voltage levels at the same time. The separate Ver 
pin from the TTL translator helps minimize transient 
disturbance. If neither translator is being used, all 
unused pins (9 thru 16) should be connected to Veg (pin 
8). With the translators not powered, supply current 
drain is typicaliy reduced from 42 mA to 23 mA for the 
MC12061, and 35 mA to 16 mA for the MC12060. 


Frequency Stability 


Output frequency of different oscillator circuits (of a 
given device type number) will vary somewhat when 
used with a given test setup, however the variation 
should be within approximately +0.001% from unit to 
unit. . 

Frequency variations with temperature (independent 
of the crystal, which is held at 25°C) are small — about 
—0.08 ppm/°C for MC12061 operating at 8.0 MHz, and 
about — 0.16 ppm/°C for MC12060 operating at 1.0 MHz 
(see Figure 8). 


Signal Characteristics 


The sine wave outputs at either pin 2 or pin 3 will 
typically range from 800 mVp-p (no load) to 500 mVp-p 
(120 ohm ac load). Approximately 500 mVp-p can be 
provided across 50 ohms by slightly increasing the dc 
current in the output buffer by the addition of an exter- 
nal resistor (680 ohms) from pin 2 or 3 to ground, as 
shown in Figure 9. Frequency drift is typically less than 
0.0003% when going from a high-impedance load (1 
megohm, 15 pF) to the 50 ohm load of Figure 9. The dc 
voltage level at pin 2 or 3 is nominally 3.5 Vde with Vcc 
= +5,0 Vdc. 

Harmonic distortion content in the sine wave outputs 
is crystal as well as circuit dependent. The largest har- 
monic (third) will usually be at least 15 dB down from 
the fundamental. The harmonic content is approxi- 


>f, FREQUENCY SHIFT (ppm) 
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mately load independent except that the higher har- 
monic levels (greater than the fifth) are increased when 
the MECL translator is being driven. 

Typically, the MECL outputs (pins 12 and 13) will drive 
up to five gates, as defined in Figure 10, and the TTL 
output (pin 10) will drive up to ten gates, as defined in 
Figure 11. 


Noise Characteristics 


Noise level evaluation of the sine wave outputs using 
the circuit of Figure 12, with operation at 1.0 MHz for 
MC12060 or 9.0 MHz for MC12061, indicates the follow- 
ing characteristics: 

1. Noise floor (200 kHz from oscillator center fre- 
quency) is approximately —122 dB when refer- 
enced to a 1.0 Hz bandwidth. Noise floor is not 
sensitive to load conditions and/or translator 
operation. 

2. Close-in noise (100 Hz from oscillator center fre- 
quency) is approximately — 88 dB when referenced 
to a 1.0 Hz bandwidth. 


Vcc =+ 5.0 Vde 
Terystal = 25°C 


-25 0 25 50 75 
Ta, AMBIENT TEMPERATURE (°) 


FIGURE 9 — DRIVING LOW-IMPEDANCE LOADS 


*See text under signal characteristics. 





MC12060 e MC12061 


FIGURE 10 — MECL TRANSLATOR LOAD CAPABILITY FIGURE 11 — TTL TRANSLATOR LOAD CAPABILITY 


Vcc = +5.0 V 


Vec =+5.0V 


All 
diodes 
MBD101 
or 

Equiv 





FIGURE 12 — NOISE MEASUREMENT TEST CIRCUIT 


ANALYZER SETTING 


Video 

Measurement Sweep Bandwidth | Filter 
Noise Floor 50 kH2/div 10 kHz 10 Hz 
Close-in Noise 20 kH2/div 10 Hz 10 Hz 


2or3 0.1 MF 


To HP8552B/53B 
Spectrum Analyzer 
or Equiv 
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RESISTOR mc12060 | MC12061 
Ri (2 Places) 200 0 


R2 (2 Places) 10 kN 400 0 
R3 (2 Places) 





| 
| 
Voltage Regulator | Oscillator 
| 
| 


Bias Vec 
O07 


60 Crystal O 


AGC 
Filter | 


of why Gp [i Gade 
vie a= 

= ak 

7 jain 


im? 
Me elk. 


CIRCUIT SCHEMATIC 


Amplifier/AGC 


Sine Wave Output 
23 


+0 O- 


VEE 


16 
OVcc 


| 
iar ! 
Sirail 
| 
LW) PE 
| 
| 
| 
| 
| 
| 
680 540 | 
| 

130 20 


| 
Sine to MECL | 


Translator | 


MECL | 

Output 

1213 | 
015 + 014 - 00 


MECL TO TTL 
Translator 


10 


OD 
TTL 
Output 


L90ZLOW @ 0902 LOW 





(AA) MOTOROLA 


HIGH-SPEED PRESCALER 


The MC12071 is a high-speed prescaler designed for use in 
communications and instrumentation systems. In the UHF mode, 
it performs division by 256, and divides by 64 in the VHF mode. 

A bandswitch mode control line selects the mode of operation 
between the UHF and VHF input pins. 

UHF operation is selected by applying a high-level (logical 1) 
to the bandswitch input. A low-level (logical 0) is applied to the 
bandswitch input to obtain the VHF mode. An internal amplifier/ 
multiplexer is used to isolate both inputs, amplify the input signal, 
and improve sensitivity. 

Inputs are designed for ac-coupled sine wave signals, but can 
be dc-coupled if proper bias levels are maintained. Normally used 
single-ended, the inputs can also be operated with complemen- 
tary input signals if required. 

Circuit outputs are complementary emitter-follower type which 
can drive a 33-pF or equivalent load. Maintaining a balanced load 
and controlling rise and fall times will reduce harmonic outputs. 


Broadband Operation 

High Sensitivity 

Standard 5 Volt Power Supply 

VHF/UHF — Dual Mode Operation 
Complementary Emitter-Follower Outputs 
Independent VHF and UHF Input Pins 


LOGIC DIAGRAM 


oO 3 Bandswitch 


AMP/ 
MULTI- 
PLEXER 


040 
Outputs 
050 
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MC12071 


DO NOT USE 
FOR NEW DESIGNS 


HIGH-SPEED 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


TYPICAL APPLICATIONS 


@ CATV Converters 

®@ Digital frequency synthesizers for: 
VHF/UHF receivers " <"s 
Instrumentation 
Satellite communications 

@ High-frequency divider for: 
Frequency counters (UHF) 
Timers (UHF) 
High-Speed computers 
SHF, second IF local-oscillator 
injection 
Frequency standards 
PCM communications 
Radar ranging systems 
Satellite communications 

@ High-frequency up-converters 


PIN ASSIGNMENT 


Vcc1 T~] VHF Input 
Vcc2 rT] VHF Input 
BSW 
Output 
Output | _} UHF Input 
NC |_j UHF Input 


VEE1 L_} VEE? (gnd) 
(gnd) 


NC — No Connection 











|  . MC12071 | 





MAXIMUM RATING 


TA 
Ty 


0 to +70 


Ratings above which device life may be impaired. 





ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Ta = 0°C to +70°C) | 


STATIC | 





Supply Current (Pins 1 &.2) 


Bandswitch Voltage, Low 
High 
andswitch current 0 to 0.8 V. 

| 2.4 to 20 V 





DYNAMIC (See Fig. 2) 


UHF Input Sensitivity Range (See note) 
fin = 450 to 950 MHz, Vey 
fin = 80 to 450 MHz, Vey 


VHF Input Sensitivity Range (See note) 


fin = 90 to 275 MHz, VeL | 
Output Voltage . 





Output Rise or Fall Time - 


NOTE: 

UHF input sensitivity as measured in test fixture shown in Figure 2. Devices may overload if the input signal exceeds the maximum level 
specified. . 
* Overload levels are very layout sensitive and will probably require correlation in customer circuits. Overload levels of 500 mVRMS can 
easily be attained with various layouts. 
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MC12071 


FIGURE 2 — AC TEST CIRCUIT 


VHF Monitor OVcc = +5.0 VDC 





VHF Input 
3902 
0.001MF sg ) WA 4-0 
ct O Device a4 FE 
p 
al under | Output 
UHF Input 5682 = AI0PE 5 Test 39082. = 
5 = 
° ° 2 a eee 
*~ 
33pF 


a a 





* INCLUDES CAPACITANCE 


UHF Monitor O O OF TEST PROBE 


V BH (UHF) Oo Vee GND. 


VeL(VHF) Ooo = 





STANDARD TEST FIXTURE 
TOP 

TEST FIXTURE CONSIDERATIONS 

Pictured above is our standard MC12071 test fixture. @ Use best available high-frequency components and 
High-frequency construction and design techniques are © keep lead length to an absolute minimum. (Chip type 
a must if the operation of the test fixture is to be stable ceramic capacitors are preferable.) 
and repeatable. Listed below are some considerations @ Pin bypasses should be placed as close to the device 
which must be observed to insure proper operation of as possible. 


the test circuit. 
e Use a good ground plane with frequent ground 
connections. 


e Use best available high-frequency type socket. Note: Even after implementing the above fixture design 

@ Maintain a 500 environment on inputs except where and construction techniques some minimal cor- 
it is necessary for the signal to pass through a relation differences may exist due to inherent high- 
component. frequency characteristics variations. 
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MC12071 


FIGURE 4 — TYPICAL VHF INPUT SENSITIVITY 


FIGURE 3 — TYPICAL UHF INPUT SENSITIVITY 


PHN |, 
COPE 
oo 


BERBER) 








(SWY AW) JONLIIdWY LAdNI 





400 


oS 
ud 
oO 


INPUT FREQUENCY au 


INPUT FREQUENCY (MHz) 





i=) 


+ 
— 


(SwYyo) JONVISISSY S335 





So 
—) =) = 4 oS 2 fo) 2 eS vs) i= va) im 
q =) i) ize} + N “ “ = — ~ N ‘ oF 
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(AA) MOTOROLA 


MECL PLL COMPONENTS 


‘ LOW-POWER 
+64 LOW-POWER PRESCALER PRESCALER 
The MC12073 is a new member of Motorola’s PLL family. It is +64 


a high-speed, low-power prescaler which divides by 64. The 
MC12073 can be used in all frequency synthesis applications. 
Typical applications include electronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included in the MC12073. This 
preamplifier isolates the differential inputs and provides gain for 
the input signal. The MC12073 is pin compatible with Plessey’s 
SP4632 and has ECL differential outputs. 


@ 1.1 GHz Toggle Frequency 
@ Low-Power: 23 mA Typical @ Vcc = 5.0 V 


a, = 7 P SUFFIX D SUFFIX 
@ iat (neat ee: 20 MVrms @ Vcc = 5.0 + 10%, PLASTIC PACKAGE _— PLASTIC PACKAGE 
A = 0°to + CASE 626 CASE 751 





@ 800 mV Minimum Peak-Peak Output Swing 
e ECL Outputs 





PRESCALER BLOCK DIAGRAM 





MAXIMUM RATINGS 


| Characteristic | Symbol | Range | 
| Power Supply Voltage | ce | 
| Operating Temperature Range | Ta | to +70 














ELECTRICAL CHARACTERISTICS oe 4.5 to 5.5 V, Ta = 0°C to +70°C) 


Toggle Frequency | Smeal 
(Sine wave input) 


Minimum Gunes eo 
| Supply Current Current | — | 23 | 


Output Voltage ee 
(Load = 10 pF) 

Input Voltage Sensitivity @ Vin Min mVrms 
150-1100 MHz 
















Input Voltage Sensitivity @ Vin Min 
90 MHz 
Input Overload | VinMax_| 200 | 400 _| 


*Typical measured at + 25°C, 5.0 V 
1See Figure 1 
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MC12073 


FIGURE 1 
DEVICE MC12073 RATIO 64 


MAXIMUM TOGGLE FREQ: MIN = 1348 MEAN = 1348 MAX 1348 


S- sa 4- S>Soor Nn 


AL 

CALA SS 
eI Le 
UOT 
TE 
SEE 
PULL TL EMT 


RE RRR Ree 
CeCe 
eR 
Me hg TE 
PEL 


TEMP. = 25°C Vcc = 5.0 V #DEVICES = 1 DATE 1/7/85 
lec (mA) = 22.51 





ISau-+r+D,Ow ams 
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+256 LOW-POWER PRESCALER 


The MC12074 is a new member of Motorola's PLL family. It is 
a high-speed, low-power prescaler which divides by 256. The 
MC12074 can be used in all frequency synthesis applications. 
Typical applications include electronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included in the MC12074. This 
preamplifier isolates the differential inputs and provides gain for 
the input signal. The MC12074 is pin compatible with Plessey’s 
SP4653 and has ECL differential outputs. 


1.1 GHz Toggle Frequency 
Low-Power: 23 mA Typical @ Vcc = 5.0 V 
Ta = 0°C to +70°C 

High Input Sensitivity 

800 mV Minimum Peak-Peak Output Swing 
ECL Outputs 





MAXIMUM RATINGS 


[___Charectoraic | Symbot_[ Range [Unit 
°C 


Operating Temperature Range 
Storage Temperature Range —65 to +175 le eC —— 





ELECTRICAL CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = 0°C to +70°C) 


[Characteristic | Symbol _ 


Toggle Frequency 
(Sine wave input) 














Minimum Frequency fmin 


Supply Current 

Output Voltage Vout 
(Load = 10 pF) 

Input Voltage Sensitivity @ Vin Min 
150-1100 MHz 


90 MHz 
[Input Overload | Vin Max | 200 | 400 | 


*Typical measured at + 25°C, 5.0 V 1See Figure 1 
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MECL PLL COMPONENTS 


LOW-POWER 
PRESCALER 
+256 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
PLASTIC PACKAGE — 
CASE 751 


PRESCALER BLOCK DIAGRAM 


Input ~PRESCALER PINOUT 





MC12074 


FIGURE 1 


DEVICE MC12074 — RATIO 256 
MAXIMUM TOGGLE FREQ: MIN = 1357 MEAN = 1357 MAX 1357 
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6-92 


(A) MOTOROLA 


Advance Information 


UHF PRESCALER 


The MC12090 is a high-speed D master-slave flip-flop capable of 
toggle rates of over 700 MHz. It was designed primarily for high- 
speed prescaling applications in communications and _ instru- 
mentation. This device employs two data inputs, two clock inputs 
as well as complementary O and Q Outputs. There are no SET or 
RESET inputs. 


ELECTRICAL CHARACTERISTICS 


Input Current High 
Pin 7,9 
Pin 11, 12 


High Input Voltage VIH 


Low Input Voltage ViL 


Propagation Delay 
(Clock to Output 
Pins 7 & 9-2) 


Setup Time 


tsetup H 
tsetup L 


Hold Time 


thold H 
thold L 


Fall Time 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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PLL COMPONENTS 


HIGH-SPEED 
PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


if, 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM 


Vec1 = Pin1 
Vec2 = Pin 16 
Veg = Pin8 


TRUTH TABLE 


C=C1+C2 od = Don’t Care 
0=01+ D2 








MC12090 


FIGURE 1 — GUARANTEED RANGE OF OPERATION 
(TEMP = 75°C, # DEVICES = FIVE; | 
Vcc = 2.0 V, Veg = -3.2 V, VBIAS = = 0.710 V) 
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AMPLITUDE (DBM) 
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FIGURE 2 — GUARANTEED RANGE OF OPERATION 
(TEMP = 25°C, # DEVICES = FIVE; 
Vcc = 2.0 V, Veg = -3.2 V, VBias = 0.710 V) 


(d-¢) SLIOAITIIW 





AMPLITUDE (DBM) 


FREQUENCY (MHz) 





Quality and Reliability 


7-1 





THE 
“1338 WU Lele” 
PROGRAM 





The “BETTER” program is offered on logic only, in dual-in-line ceramic and plastic packages. 


Better Processing — 
Standard Product Plus: 


LEVEL Il (Suffix D) 


@ 100% burn-in to MIL-STD-883 test conditions — 160 hours 
at + 125°C or 1.0 eV Arrhenius time/temperature 
equivalent. 


@ 100% post burn-in functional and dc parametric tests at 
25°C (or max rated Ta at Motorola’s option). Maximum 
PDA of 2% (functional) and 5% (DC and functional). 


HOW TO ORDER ~ 


MC10101 P D 
a ae - ie a i 
Part Standard BETTER 
Identification Package PROCESSING 
Suffix LEVEL ll = SUFFIX D 


Part Marking 


The Standard Motorola part number with the corresponding 
“BETTER?” suffix can be ordered from your local authorized 
Motorola distributor or Motorola sales offices. “BETTER” 
pricing will be quoted as an adder to standard commercial 
product price. 


“RAP” 


Reliability Audit Program 
for Logic Integrated Circuits 


1.0 INTRODUCTION 


The Reliability Audit Program developed in March 1977 is 
the Motorola internal reliability audit which is designed to 
assess outgoing product performance under. accelerated 
stress conditions. Logic Reliability Engineering has overall 
responsibility for RAP, including updating its requirements, 
interpreting its results, administration at offshore locations, 
and monthly reporting of results. These reports are available 
at all sales offices. Also available is the “Reliability and Qual- 


ity Handbook” which contains data for all Motorola Semicon- 
ductors (#BR518S). 

RAP is a system of environmental and electrical tests per- 
formed periodically on randomly selected samples of stan- 
dard products. Each sample receives the tests specified in 
section 2.0. Frequency of testing is specified per internal 
document 12MRM15301A. 


2.0 RAP TEST FLOW 


y 


Pull 500* piece sample from lot following Group A acceptance. 


PTHB PTH*** 
48 hrs 48 hrs 
Interim 
Electrical 
PTH 
48 hrs 
(Additional) 
Final Final 
Electrical Electrical 
(48 hrs) (96 hrs) 


scrap 


340 
| 
Intitial 
Seal** 


Temp Cycle 
40 cycles 


interim 
test 


Add 460 cycles 
| 
interim 
test 
| 
Add 500 cycles 
final 
interim* 
test 





Temp Cycle# 
1000 cycles 
(Additional) 





Final 
Electrical 
& Seal** 
(2000 cycles) 
| 


scrap 


#One sample per month for FAST, LS, 10H, 10K, MG CMOS, and HSL CMOS. 
*PTHB or PTH not required for hermetic products: reduce total sample size to 450 pcs. 


Additional sample reductions for high pin-count devices per TABLE I! notes. 
**Seal (Fine & Gross Leak) required only for hermetic products. 
***PTH to be used when sockets for PTHB are not available. 


3.0 TEST CONDITIONS AND COMMENTS 


PTHB — 15 psig/121°C/100% RH at rated Vcc or VEE — 
to be performed on plastic encapsulated devices 
only. 


TEMP CYCLING — MIL-STD-883, Method 1010, Condition 
C, —65°C/+ 150°C. 


OP LIFE — MIL-STD-883, Method 1005, Condition C (Power 
plus Reverse Bias), Ta = 145°C. 


100 





Op Life 
40 hours 


interim 
electrical 


Op Life 
210 hrs (Additional) 
| 
Final 
Interim# 
Electrical 


Op Life# 
750 hrs 
(Additional) 


Final# 
Electrical 
(1000 hrs) 


scrap 


NOTES: 


I 


za 
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All standard 25°C dc and functional parameters will be 
measured Go/No/Go at each readout. 

Any indicated failure is first verified and then submitted to 
the Product Analysis Lab for detailed analysis. 


. Sampling to include all package types routinely. 
. Device types sampled will be by generic type within each 


digital /C product family (MECL, TTL, etc.) and will include 
all assembly locations (Korea, Philippines, Malaysia, etc.). 


. 16 hrs. PTHB is equivalent to approximately 800 hours of 


85°C/85% RH THB for Vcc < 15 V. 


. Only moisture related failures (like corrosion) are criteria 


for failure on PTHB test. 


. Special device specifications (48A’s) for digital products 


will reference 12MRM15301A as source of generic data 
for any customer required monthly audit reports. 
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eneral Information 


ECL 10KH 


ECL 10K 


ECL Ill 


ECL Memories 





6 Phase-Locked Loop 


Quality and Reliability 
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